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1. GENERAL

This report summarizes the effort in developing the following indicators:

® Event Timer
® Secondary Display
® 4 Digit Display (Metabolic)

The electrical design of the latter two displays are very similar and therefore comments

made will pertain to both, and their major differences will be outlined in the description.

The mechanical design, vibration analysis, and thermal analysis of all these units are
identical. Therefore, these descriptions will pertain to all three (3) units. All problems
incurred during the program are discussed along with the recommendations, conclusions

and actions taken to rectify the situations.
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2. TECHNICAL DESCRIPTION EVENT TIMER

2.1 GE.NERAL OPERATIONAL REQUIREMENTS

The Event Timer was designed according to the specifications provided by NASA/MSFC to

perform the following functions:

a) Count backwards at a 1 count/second rate from any preset number of 0000-9959.

b) Slew fo any number from 0000-9959 at a 2 pps réfe for each digit.

c) Capability to stop counting or start counting by switch command.

d) To resume counting 1 second after the start switch has been thrown.

e) The capability of illuminating each diode in the LED's to assure that each
diode is functional (lamp test).

f)  When the device reaches the number 0000, an SCR turns on with the co}aab.ill‘ify.

to sink 250 ma and will do so until the load is removed.

The above functions are implemented as discussed in the general technical description below.

References to schematics that are found at the end of this section are made.

2.2 A1-A4 COUNTER CARDS

Since all four cards are basically the same, only the Al card is discussed here. (Refer to

Schematic C543020311.)

Flip flops U2 and U5 make up a conventional down BCD counter. The counter is of the -
synchronous type. Since this counter is BCD, the unwanted binary numbers ‘10 to 15 must

be eliminated. This is accomplished by sensing the following states of the counters

ABCD Decimal No.
1010 10
1011 11
1100 12
1101 13
1110 14

1111 15

and resetting the counter to "0" when these states are present.

3
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This is easily implemented by the equation:
. AB + AC = reset

The output of U6 (5) is the reset signal. Additionally, when counting backwards the counter
must go from 0-=-9. If the counter was allowed to go naturally from 0 to 15, the counter
would reset to "0" because of the unwanted "15" state, as mentioned above. To accomplish
the 0---9 transition, the 'T" condition is defected by U3 (10). This output is used to set
the JK input of U2 (7, 10) to a "0" and to set the JK input of U5 (3, 14) to a "1" so that

on the next transition the number appearing is 1001 or "9". Additionally, this "0" condi-
tion U3 (10) is also gated with the input clock to be used as a carry for the next card; E10.
E22 also generates the "0" condition for the counter card that is used in conjunction with
the other counter cards to generate the all 0's condition, i.e., the condition in which the

display reads 0000.

The Q outputs of U8 and U5 are fed through inverters U1 to the BCD inputs of the Hewlett-
Packard LED's.

In the start mode, a "1" appears at E16 and a "0" at E13; this allows 1 pps to be fed to the

counters. This pulse appears on the clock input E15 and E14.

In the stop (slew mode), a "0" appears at E16 which stops any carry pulses from coming
through. Also when the slew command E8 is low, 2 pps is fed to each counter that is to

be slewed so that any number can be preset.

2.3 LAMP TEST

The input E20, lamp test, allows a high frequency 1024 Hz to be gated into each counter.
This rapid frequency makes all the diodes of the LED light up since it is going through all
the numbers rapidly.
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2.4 OSCILLATOR, COUNTDOWNAND CONTROL LOGIC

2.4.1 . Oscillator (Cards A5, A6, and A7)

The oscillator Y1 is a McCoy Crystal Oscillator operating at the nominal frequency of
1.048576 MHz. This frequency was chosen because 1048576 is vequ.aml to 22Ov.‘_c'-nd;-i§ easilly,, ’
divided to give 1and 2 pps needed to run the clock. Ul and U2 of A7 and U1-U8 of A6

comprise the 220 divider.

The output of U1 (9) is a 1 pps square wave, while the output of the previous Flipv; floio,. Ul
(12) is a 2 pps signal. The former signal is used as the input frequency to the clock while

the latter is used for slewing.

2.4.2 A5 Control Card

The logic composed of U3 (12) and U4 make up a one shot that generates an approximately.
1 us pulse whenever U3 (1) sees a 1-==0 transition. This circuit therefore shapes the clock

pulse to appear as shown below:

INPUT 4 I
WAVE
u3 (1)

OUTPUT - ' |
WAVE : |

us(12) - - ‘,”.. 1ys ”
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In shaping the pulse thusly, a great amount of noise immunity is attainable, since the counter
card that the clock pulse is feeding is effectively enabled for only 1us and not for a full

second.

The 2 pps or 1 pps is selected as the input to the one shot depending on whether the unit
is in stop or start mode. In "stop", the 2 pps is available at the output of the one shot,

while in the start mode 1 pps is available.

Additionally, 1024 pps are gated into the one shot whenever the "test" line is enabled.
This allows 1024 pps to enter the clock and all diodes on the LED are lit.

2.4.3 One Second Start Delay (A5 Card)

When going from "stop" to "start", it is necessary that the next pulse appear 1 second after
the "start" switch is thrown; otherwise, as much as 1 second of time can be lost. The logic

sequence when going from "stop" to "start" is as follows:

Assume initially that the unit is in the stop mode, i.e., E5is "1" and E6 "0". The switch
is now thrown to start so that E5 is "0" and E6 "1". U5 (13)'s transition to a "0" clocks

the JK flip flop's input U3 (5). The outputs of U3 change from the reset condition to U3 (9)
= "1"and U3 (8) "0". This sets latch U7 (3) to "1" and U7 (14) to "0". The output of

U7 3) is fed to inverters which resets the whole divide down chain of Aé. This output

also enables counter U8 to be clocked by the 65536 Hz pulse coming from A7 (E17). Three
of these pulses are counted to insure that all the count down flip flops have reset. Once
these pulses are counted, U3 resets which enables the count down chain and also latches

U6 (14), the "start" line to a "1". Resetting the count down chain results in a 1 second

delay.
2.4.4 A8 Card

The A8 card consists of 7 transistor buffers which respond to a signal of 16 volts or greater.

Capacitive filtering is used at the inputs to eliminate the possibility of noise actuation.
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The input signals that are affected are:

Start

Stop

Test

Slew 1 Second
Slew 10 Seconds
Slew 1 Minute
Slew 10 Minutes.

The A8 card also contains an SCR CR1 which is turned on whenever the display reads "0000"

providing a load of approximately 1000 ohms is connected.

2.4.5 Power Supply

In order to attain low power consumption, an efficient 28/5 VDC power supbly is used.
The compléfe schematic is shown in C543020311 (A9 card). Additionally, low power flat-

packs were used thrau ghout the design to minimize the overall power.
2.4.5.1 General
The power supply, shown in Figure 1, consists of three major sections:

¢  Switching pre-regulator
e DC/DC Inverter

e Reference and Error Amplitude

These sections are connected in a loop to provide a regulated 5 volt output from the unregulated

28 volt input.

In operation, the error amplifier senses the output voltage, compares this voltage against a
reference and gates the unregulated input voltage. The result is a pre-regulated DC voltage
(referenced to the 5 volt output) being applied to a DC/DC inverter. By means of a step-
down fransformer, this pre-regulated voltage is reduced to a 5 volt level thereby completing

the loop.
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2.4.5.2 Switching Pre-regulator

The pre-regulator consists primarily of a power switch (Q1) and driver (Q2) followed by an
LC filter (L2, C6). To follow the operation of the switching regulator, assume Q1 is con-
ducting and further that this voltage is inverted in the square wave inverter (Q4, Q5) and
transformed to 6 volts by means of T1 where it is rectified (CR5, CRé) and filtered (C3, C7).
By means of R, the base of Q3 (B) senses the output voltage and depending upon whether
this voltage is above or below the voltage of Q3 (A) base (clamped by VR1, R4, R5, R6),
the power switch Q1 is gated OFF or ON. This regulation loop is made to switch on and

off at the same rate as the inverter frequency by impressing a friangular wave upon the refer-
ence voltage. Typical wave forms are shown in Figure 2. it will be noted that as the input

voltage is increased, the average voltage provided at T1 primary is constant or regulated.
2.4.5.3 |Inverter

The inverter is of the saturable transformer type in which either Q4 or Q5 conducts for a
half cycle. The frequency of this inversion is dependent upon fransformer parameters which
are relatively constant from transformer to transformer and the applied voltage. Since the
applied voltage is regulated, the frequency is fixed from unit to unit at approximately 50
KHz. R13 assures starting of the inverter and once started, the inverter is free running. As
can be seen in (D) in Figure 2, the ripple content is found to be a small valley at twice

the inverter frequency since full wave rectification (CR5, CR6) produces a dc output of con-
tinuous amplitude with very narrow drop-outs occurring at the inverter transition periods.

The filter (L3, C7) can then be made small since the ripple components are small.

2.4.3 Transient and EMI Protection

In addition fo the normal power supply components, L1C1 and FL1 thru FL4 have been provided
to suppress any interference which may exist due fo switching. The power supply card is
housed in a separate section into which access is made by means of RF| filters. L1C1 pro-
vides the additional function of transient filter. This filter is designed to smooth out the

+80 - 100 volt transient found on the power input lines as well as normal MIL-STD-704 28V
ripple.

9/10
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3. SECONDARY DISPLAY

3.1 GENERAL OPERATIONAL REQUIREMENTS

The Secondary Display is designed to respond to a 0 - 5 volt dc analog signal input with
a BCD 4 digit output. A total of 8 scales is displayed, two of which are identical. The

scales are listed below:

COMMAND FUNCTION SECONDARY DISPLAY DIGITAL RANGES

Scale chqnges.are performed digitally.

Command Analog Input Digital Parameter

Measurement No. Range Range Range

Heart Rate 1 0 to 5 vde 0040 to 0200 40 to 200 beats/min

Body Temperature 2 0 to 5 vdc 0950 to 1050  95.0 to 105.0°F

Systolic Pressure 3 0 to 5 vdc 0050 to 0250 50 to 250 mmHg

Diastolic Pressure 4 0 to 5 vdc 0040 to 0140 40 to 140 mmHg

MA 02 Comsumed 5 0 to 5 vdc 0000 to 4000 0.000 to 4.000 liters/min
“MA CO2 Produced 6 0 to 5 vde 0000 to 4000 0.000 to 4.000 liters/min
MA Vol /Min | 7 Oto5vdc 0000 to 0150 O to 150 liters/min

MA Vital Capacity 8 0to5vdc 0000 to 7000

0.000 to 7.000 liters/min

3.2 ANALOG/DIGITAL CONVERSION TECHNIQUE (Refer to Schematic C543020310)

The technique used in converting the analog input voltage 0 to 5 volts into digitad BCD form

is the well-known up/down ramp method. In this method, the input signal is integrated up for

a predetermined time after which the signal is integrated down by a reference voltage till

0 crossover. The time required for this down integration is proportional to the input voltage

applied. The point at which the up integration of the signal commences and where the down

integration starts determines the scale that is used. Scale changing is therefore only a matter

19
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of changing these initfial points of integration. During the up and down integration, an
approximate 40KHz clock pulse enters 4 BCD decade counters. The counter is programmed

to reset at the number 1100 so that numbers from 0000 to 1099 can be displayed.

An example of how the A/D operates in scale 1 is outlined in Figure 3.

A B D
| I 0040 |
10000

Sig Ref

o
——— e — ——{ )
Q
N
[}
o

: FIGURE 3

The heart of the A/D converter is composed of the A4 and A5 cards. On the A4 card, one
will find two unijunction oscillators composed of Q1, Q3 (oscillator A) and Q5, Q4
(oscillator B) respectively. The former's rate is approximately 1 pulse every 2 - 2.25 seconds.
This pulse is used to reset the flip flop logic U2 and U4 of the A4 card before an update.

The latter oscillator oscillates at approximatel y 40 KHz and is used as the clocking fre-
quency. The sequence of an update is described below. Assume that the display is sitting

at some arbifrary number.

a. First an update clock pulse is fed to reset U2 and U4 from the "A" oscillator. When

the flip flops reset, 40KHz clock pulses are sent out to the counter cards Al and
A2 from A4 (E16).

b. Now that clock pulses are entering counters A1 and A2, the counters are accumulating

at a 40KHz rate.

20
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c. With the initiating reset pulse the logic is such that the J input of U4 (14) is high
so that a transition of the flipflop is made if the CP input U4 (1) is clocked.
U4 (1) is connected to the all "0"s. The initiating reset pulse also plcees A4
(E7) High and A4 (E1) Low. Whenever A4 (E7) is High,the A5 analog card goes 7
into a zeroing mode. This means that the integrator U3 is slewed around zero
with 0 crossover determined by the comparator U5, When A4 (E1) is Low, it turns
the £12 and +6 reference signals on, '

Turning on these voltages during the update time saves power.

d. When the display passes through all O's point (refer to A on Figurel 3), the 0's
signal clocks U4 (1). This enables U2 (1) to be clocked. U2 (1) is clocked when
signal integration is fequired,(Poin’r B) Figure 3, 0890 for scale No. 1.

e. The output E7 and E4 of A4 both go Low. This effectively disconnects the * ref
signal on A5 by saturating Q2 and Q3 of A5 and applies the analog input signal
to the integrator U3 by cutting Q1 off, Integrator U3 proceeds to integrate the
signal up until the down (-) integration signal appears at A4 E11, For Scale 1,
this number is 0040 point C. When this occurs, A4 (E7, E4) return toa "1" and
the negative reference only is allowed to be integrated. Since the negative ref-
-erence is constant, the rate of integration remains the same irrespective of input
signal. The integrator continues to integrate the negative reference until 0 cross=-
over is reached at which time U4 (5) on the A4 card receives a pulse which performs
two (2) functions. It inhibits the clock pulse from passing through A4 U3 (13) and
‘places A4 (E) at "1" shutting off the +12, 6V power supply. The display now
shows a number proportioned to the input voltage for the scale selected.  The
unit remains inactive until another reset pulse occurs about 2 seconds later. The
conversion time takes about 40-50 ms and since the +12, 6 volts supplies are

off for most of the time, an apparent power saving is obviously made.
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3.2.1 Description of the A5 Card

The A5 card is composed of the analog circuitry. The input signal is applied between E10
and E11. U1 acts as a unity gain buffer so that greater than 1 meg input impedance is
achieved on the low side. U2 operates as a differential unit gain amplifier. The output
of U2 is therefore equal to the input at E10, E11. The high side input impedance is approx-
imately equal to 140K while the lowside input has an input impedance much greater than

1 meg when the amplifiers are turned on,

U3 is a differential op. amp. operating as an integrator. The input signal, +ref and - ref,
application is controlled by the analog switches Q1, Q3 and Q2 respectively. The out-
put of U3 is fed to another unity gain voltage follower U4 whose input voltage is limited

to +.6 volts by CR3, CR4. They function to limit the voltage excursion at the input to the

comparator U5 which is operating as a 0 crossover detector.

3.2.2 Description of the A3 Card

As discussed earlier, scale changing is done digitally. To accomplish this, the point where

(+) integration is made and (=) integration is performed must be controlled.

E10 and E11 of A3 supplies these pulses to the flip flop sequencer U2, U4 of A4, Depend-
ing on which scale is commanded, proper pulses appear at different points. The waveform

. for all eight scales are shown in Figure 4. Note that Scale 5, 6 and 8 have a fixed 0 as
the LSD. Clock pulses enter the 2nd LSD digit. In this condition, the last three decade
counters count up to their natural maximum of 999, This was so designed because at 40KC

rate it would take about 1/2 second for an update if all 4 digits were used.

3.2.3 Description of the A6 Card

The A6 card contains 8 transistors buffers which converts the 28 volts command signals info
compatible TTL logic levels. Only seven of these buffers, Q2-Q8 are command signal in-

puts (i.e. - scale 5 and 6 are identical). QI is a buffer for the lamp test command. When
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this buffer is activated, the update oscillator on the' A4 card is disabled through Q2 on that card,
that card. This effectively puts U2 and U4 of A4 in a constant reset mode. 40KHz clock

pulses are thus fed continuously to the counter cards Al and A2, The lamp test buffer also
controls logic on the Al and A2 cards so that the 40KHz clock pulses enter the LSD and

the 2nd least significant digit. All the counters are cycling fhrouéh the numbers at a high

rate and the display appears as if all diodes are lit.

Additionally, whenever scale 5, 6 or 8 is enabled,the LSD digit is reset to 0 and the 40KHz
clock pulses enter the second LSD digit.

The A6-A1 card rides piggy back with the A6 card. Its function is to excite the appropri~
ate decimal points on the display whenever the 2nd, 5th 6th or 8th scale is enabled. |

3.2.4 Al and A2 Card

The Al and A2 card compose the counter cards. U5 and U8 of both cards are decade
counters. The output of the decade counters are fed to inverters which feed the logic in-

- put of the LEDs. The peripheral logic performs the number decode function. Asan example,
scale 1 requires 0980 as a starting point for integration. The "9" is obtained from A2 (E4)
and the "8" from A1 (E24)., These numbers are Anded in the A3 card and fed to the flip

flop sequencer of A4,

The Al and A2 cards count up to 1099 maximum for scale 1, 2, 3, 4, 7. This is accom-
plished by resetting U5 and U8 of A2 whenever the number 1100 appears. For scales 5,

6 and 8, the first counter U5 of Al is reset and clock pulses are gated into the input of U8
(14). The last three decades A1, U8, A2 (U5 and U8) count up to their natural limit
(999); the reset logic is disabled.

3.2.5 Power Supply

The 5 volt power supply section is essentially identical to the event timer power supply.

Refer to Figure 1,
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Additionally, two (2) extra windings are present for T1. These windings are center tapped
and the voltage is full wave rectified by CR7, CR8 and CR9, and CR10 respectively giving
about+16V of unregulated dc. E18 delivers approximately +12 volts of unregulated dc to
the update (A) oscillator of A4,

The unregulated +16 volts are passed through regulators Ul and U2, the outputs of which
-deliver £12 volts regulated with about 10 mv ripple. The 6 volt ref signals are Zenered

from the above +12 volt regulated supplies. The £12 volts are turned on by applying a low

to E3 and off by applying a high to E3. This signal in the display is derived from A4 (E1).
Since the +12 volts are furned off the +6 volt references are also turned off. RFI feed through

filters FL 1 - FL 8 reduce any noise that is generated by the power supply.
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4, FOUR-DIGIT DISPLAY

4.1 OPERATIONAL REQUIREMENTS

The 4 digit display responds to a 0-10 volt analog input signal and displays the voltage as
BCD 4 digit information. The operation is therefore equivalent to a 0-10 volt DVM. The
operation of this unit is completely analogous to the "secondary display." In this case
only one scale is available for display, that is 0000-9999. Because of the great similar-
ity between the 4 digit display and "secondary display" the differences will only be out-

lined.

4,1.1 Differences Between Secondary and Four Digit Display (Refer to Schematic C543020341)

All the circuifry, that is, Al, A2, A4, A5, A7 issimilar. The A6 card is eliminated since
scale selection is not required. The A3 card is completely changed and its description
follows:

4.1.2 A3 Card Description
a. A 400 KHz oscillator made up of Q2, L1, C4, C5 C7. This oscillator is a typical

Hartley Oscillator, ‘

Q3 is an emitter follower which feeds inverter U1 (7). A 400 KC clock pulse
is necessary because the indicator has to display a reading of about 10 times the
magnitude of the "secondary display". 1If the 40 KC oscillator of the secondary

display were used, an update would take .5 = 1 second which is prohibitive.
b. QI provides a 28/5 volt buffer for the lamp test signal.

c. U2 provides 1 bit of fifth decade information so that the unit can reset at the
number 11000, In the case of the SD, the display was reset at 1100, In this case
however, the display is reset at the number 11000 with flip flop U2 performing
the function of the dummy fifth number. The waveform of the integration for

this display is shown in Figure 5,
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A B C D

00000 01000 00000 09999
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FIGURE §

Here again the A4 logic sequencer looks for the all 0's condition (A),then for
the up integrate signal (B), the down integration signal (C) and finally 0 cross-
over (D).
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THE SINGER COMPANY ¢ KEARFOTT DIVISION

5. ERROR ANALYSIS (SECONDARY DISPLAY)

The sources of error are basically confined to the analog board A5. These sources are list-
ed as follows:

a. Scaling resistors

b. Static amplifier voltage offset

c. Static current offsets

d. Static analog switch offsets

e. Voltage offsets due to temperature variation

f. Current offsets due to temperature variation

g. Analog switch offset due to temperature variation

h. Ref voltage variations due to temperature

i. Zeroing error
The effect of voltage and current offset can best be seen from the general differential
amplifier configuration, Here an ideal amplifier is used in conjunction with a voltage
offset source Vo4 and current offset source los; see Figure 6.

If Req is made equal to Rs Rf then,

Rs +Rf

Vout /'os = los Rf-

This means that Vouf/| is soley a function of Rf.
os
It will be assumed that all static voltage current offset errors have been trimmed out using

R18 as a trim. Also, the scaling resistor changing with temperature will be ignored since it

is assumed that these resistors track each other.

49



THE SINGER COMPANY ¢ KEARFOTT DIVISION

Re

AAAAA
vyVyYV

—A'A'A L / out
Ry
Re
WWW———
Rs Vos
—WW——
* | - Ideal
AAARA os - _R1 R
A A4 R T R ——e.
Req ®d Ry + R2

Vout due to Vs is easily derived to be:

V = (1 + R Vv
.OUf/Vos ( _R_;f_ ) oS (])

Vout due to |5 can be found similarily to be :
Rf

Vou'r/los = los Recl [1+ Ry » 3]

FIGURE 6
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5.1 VOLTAGE OFFSET DUE TO TEMPERATURE

Listed below are the temperature coefficients of the operational amplifiers:

LM102: LM107:
VOS = 6}1V/°C Vos = ]5}.W/°C
los =30na  4na 10na los =0.2na/°C

at =20°C at60°C at 25°C

Offset error due to Ul (LM102):

From eq (1) A Vouf/v =AVqos Temp. Range -20°C =60°C Rm. Temp. =25°C
os
Temp. A (from Rm. Temp) AVOS
- 20°C ~45°C 45X 6= -270pv
+60°C +35°C +35 X 6 =210yv
_ 0.27 -3
In parts perthousand (ppk) of full scale (5 volts) = —5— X 10 = 0,054 ppk (max) (A)
Avom/I = Alyg R4 =Al X 5K
0s
Temp. A 1o from Rm, Temp) AVout
20°C +20na 20X10™7X 5X10°=100pv
+60°C ~na 6X10™ X 5 X 10° =30y
3

In parts per thousand of full scale. 0,1X10"

= =0.02 ppk (max)

(B)
5.2 OFFSET ERROR DUE TO U2 (LM107)

- R4
B=Voutlyey =(14 - ) AVgs =2AVes (R4 = Ry)

Ry
Temp. AVout (from Rm. Temp)
20°C 2 X 15 X 1078 X (-45) = ~13504v = ~0.27ppk (max) (C)
+60°C 2 X 15 X 10 X (35) = 1050,y
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3
Avouf/los = Alos Re=70 X 107 R¢

Temp. AVt
20°C 70 X 10° X 0.2 X 10 X 45 = ~630yv = -0. 13ppk (max) (D)
+60°C 70 X 10° X 0.2 X 107 X 35 = 4904

5.3 DRIFT IN THE INTEGRATOR DUE TO OFFSET

When U3 is integrating, current and voltage offsets will cause integrator drift (see Figure 7).

. Vos
MWW O
15K Ibias
15K FIGURE 7
Vos

Integrator drift current due to V¢ = R

Integrator drift current due to bias current = |

For the LM107: Alys =0.2na/°C

Temp. Alb offset
=20°C -9na
+60°C 7na
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Drift current due to Vos

larift =—:g% /°C = 1na/°C

Temp. Igrift from Room Temp
~20°C -45 X 1 = ~45na
+60°C +35 X 1 =35na

The full scale rate of integration is 300v/sec.

The drift rate of integration due to Iy is:

Al
dv _ os _ =%na . _ -3
F T e T Tmxm6 T X0 v

In parts per thousand this is

27 X 107

50— ° 0.09 ppk (max) (E)

Similarily for drift due to AVos:

-9 :
dv 45 X 10
= = HY -6 = .135 V/second —®=0.45 ppk (F)

Analog switch offset errors; error due to the change in the saturation voltage of Q1, Q2

and Q3 with temperature are taken into account here:

For Q1, Q2 (2N2432) AVoffset ~ Iyv/°C
For Q3 (2N29449) AVoffset ~lyv /°C

During the up infegrafi6n Q1 is off and Q2 and Q3 are on. Since the offset voltages

across Q3 and Q2 are opposite in sign, the offsets will essentially cancel each other,
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During the down integration Q1 and Q2 are both on while Q3 is off.

For Q1 and Q2 AVoffset = +35yv at 60°C
= =45y at -20°C

These values will be considered negligible.

Zener references IN829A

V, =6.2v

Max. To = .0005¢/°C = 30uv/°C

For AT of +35°C, AVz = Imv =, 16ppk

For AT of =-45°C, AVz = 1.4mV - .23ppk (max) (G)
U4 Buffer (LM102) | Zeroing Error
U5 (Comparator)

Variations with temperature in the characteristics of these devices will not affect accuracy
due to the zeroing process. Conversions will be referenced to the comparator trigger

level at the time the conversion takes place.

300V /sec =300V /sec

COpe < o
O

Shown above is blown up exaggerated view of the zeroing waveform at the output of the
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integrator, The source of this zeroing error is:

1. Comparator response time 20ns
2. Gate delay 33ns
3. Switch storage time- 250ns
4, Swifching time (differential) 100ns
5. Total time from A to B 400ns
6. Total time from B to C 400ns

The time for 1 cycle 1,6 ys

Therefore - f (zeroing) = 600KHz

Maximum zeroing voltage V max = 300 X 400 X ]0-9 =.12 mv

Scales 2 and 4 have the lowest full scale excursion of the integrating signal. This

voltage is about 0.8 volts,

The effect therefore of the zeroing error is maximum on this scale and is given by

.12 X103
—-‘—f<81—- = .15 ppk (H)

All the errors found above will be RSS'd to give an overall accuracy.

ERROR IN PPK ERROR 2

A. Voltage offsets Ul .05 .0025
B. Current offsets Ul .02 .0004
C. Voltage offsets U2 .27 .07
D. Current offsets U2 .13 .017
E. Current offsets U3 .09 0.008
F. Voltage offsets U3 .45 0.2
Analog switch offsets
Ql, @2, Q3 negligible
G. Zener references .23 .053
H. Zeroing error .15 .023

0.374
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2. error 2 = .374
error .61 ppk = .061% of full scale

With an accuracy requirement for the secondary display of 0.4 of full scale, the

indicator is well within specification.
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6. ERROR (FOUR-DIGIT DISPLAY)

The error analysis for the 4 digit display is basically the same as that of the secondary dis-
play. With an accuracy requirement of 0.2 percent of full scale, the indicator is well

within specification,
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7. SUMMARY AND CONCLUSIONS

The sécbr;dcry display as well as the metabolic display exhibited exceptional ac;urdcy during
pre ATP tests, The units were run from 0-140°F and reading variations of less than 0.1

percent were typical over this temperature range.

A problem that frequently occurs with a high input impedance differential input is common
mode voltages. These voltages occur because the ground of the signal source is different
than the power ground of the display. This usually results in 60 Hz (or whatever line fre-
quency the supplies are run from) signal between the grounds. The signal essentially acts
as a common mode voltage on the differential input. As long as this voltage remains below

the +12v/amp supplies, the common mode voltage will be ignored by the amplifier.

Once the common mode voltage together with the input signal exceeds 11-12 volts the op
amp will saturate and accuracy will be lost. The solution to this problem is to tie the low
analog signal input back to the display power ground. This is eventually done in the

system anyway .

It was noted that some LM102 U1 {(on A5 board), tended to oscillate whenever the input was
tied to ground through a low impedance source. This of course affected accuracy. National
Semiconductor (the manufacturer) confirmed this possibility and suggested that a larger than
2K resistor be put in series with the signal (R24). This eliminated the oscillation problem,
The accuracy was not affected since the input impedance is greater than 100 megohms.

This 5K resistor also serves as a current limiter to any transients or accidental voltages placed

on the low input.

It was noted during the program that the input to the LM102 was overstressed due to excessive

current input. National Semiconductor states that this input pin (2) can take in excess of
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400 ma before the conductor run in the chipmetalizes. With 5K input resistance, this kind
of current would require voltages that are not normally available. (Refer to reliability

failure analysis report in Appendix D.)
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APPENDIX A

MECHANICAL ASPECTS
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PHOTOGRAPHS OF SKYLAB DISPLAYS

The following photos depict various views of the Event Timer. The Secondary Display and

Metabolic Display are identical except for their length.



EVENT TIMER



EVENT TIMER



EVENT TIMER

A-4



et \:..

. \ A
BLh L R p‘ /le

EVENT TIMER

A=5



EVENT TIMER



EVENT TIMER

A-7



THE SINGER COMPANY e KEARFOTT DIVISION

THERMAL ANALYSIS DATA



SKYLAE 140 DEG F VACUUM WITH THERMAL CLIFSENO CARD HEAT S[NKS

2.600 uATT LED 182.0 DEG F
+129 ¥ATT DRIVER CARDS | 180.7 DEG F \
~+129 YATT DRIVER CARDS . © 183.8 DEG F
-189 LATT TIMER CARDS 185.9 D'E_'Gl F

+133 “ATT OSC+DISCRETES CARDS 185.8 DEG F

+928 WATT FPOVER SUPPLY CARES 191.5 LEG Fo
005 YATT FILTEKS 1675 PEG F
07723776
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SINGER w01 o —

SINGER-GENERAL PRECISION. INC. 88818
KEARFOTT DIVISION CODE IDENT NO.
LITTLE FALLS. NEW JERSEY 07424
DATE

VIBRATION TEST REPORT

ON
EVENT TIMER

PART NO. C708753100

TEST PERFORMED BY:

SINGCR-GENERAL PRECISION, INC.
KEARFOTT DIVISION
LITTLE FALLS, NEW JERSEY 07424

CONTRACT NO. NAS 8-26120

TEST INITIATED //v ”7/7 / DATE COMPLETED 7/5'/7/
T 7

— o
TEST REPORT PREPARED BY j’)/}](,é(ﬁﬂ * DATE 9/24//7/

w325

TEST PERFORMED BY

APPROVALS : , %/}7 Clrra C(/' DATE & /z /2
—H A A
& ” LA.‘ « ' ' DATE Z[Z'—/j?/
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SINGER

KEARPOTT DIVISION €194010241 REV —
CODE IDENT No. _ 58818
CONTROL
REVISION RECORD
APPRCVAL
REV DESCRIPTION AND DATE
Hheef
— RELEASE c-24-7/
REV - —
PAGE | 1&2 OTHER
REVISION SYMBOL OF REVISED PAGES PAGES

ASTERISKS (%) SHOWN LOCATE CHANGES FROM PREVIOUS ISSUE FOR CONVENIENCE ONLY - NO LIABILITY ASSUMED

F246AF 8/70

B-2




£1777G 8/70

SINGER

KEARPFOTT DIVISION

TABLE OF CONTENTS

1. REASON FOR TEST . & & « o o o o =
2. DESCRIPTION OF EVENT TIMER . . .
3. REFERENCES . . v o ¢ o o ¢ o o &
4. FACTUAL DATA . & o « o « o « o o«
4.1 Description of Test Apparatus . .
4.2 Test Procedures . . . « « « & o &

4.2.1 Vehicle Dynamics . . « « o« + o &
4.2.2 Sine Evaluation . . . . . . . . .

4,2.3 AHigh Level Vibration(l min/axis).

4,2.4 - Low Level Vibration (4 min/axis).
4.3 Test Results . . . . . . « . . .
4.4 Test DAtd . . . 4 . . 4 o0 ou .. .
4.5 Test Equipment . . . . . . . . .

e

C194010241 gey =

CODE IDENT NO. 88818

PAGE



SlNGER C194010241

KEARFOTT DIVISION REV —

CODE IDENT No. 88818

1. REASON FOR TEST. The Event Timer was tested to.evaluate its
compliance to the following specifications:

NASA-MSFC

40M3807 Event Timer,

Specification for -
50M02408 Vibration Criteria for
Appendix A _ ATM Rack

2. DESCRIPTION OF EVENT TIMER.

2.1 The Event Timer Part No. C708753100 has a four digit display
of minutes and seconds. The display counts backwards toward
zero-zero-zero-zero. The Timer has an internal 1 megahertz (MHz)
clock which it divides down to display time on its light emitting
diode numerical displays. An internal power supply generates

the dc levels from 28 volts direct current (Vdc). The display
can be stopped, started, slewed, and lamp tested with external
command signals.

2.2 Item Tested.

HOMENCLATURE PART NUMBER SERIAL NUMBER

Event Timer C708753100 202

2.3 Disposition of Test Sample. Upon completion of tests, a
complete acceptance test was performed and the unit shipped.

17776 8/70
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KEARPOTT DIVISION

CODE IDENT No. 88818

3. REFERENCES. The following documents are referenced in this
Test Report:

Singer—-Kearfott Division

TPC198261244 Vibration Qualification Test
Procedure with Integral Log

HNWASA-MSFC

40M38207 Specification for Event Timer
501102408 - Vibration Criteria for ATM Rack
Appendix A

4., FACTUAL DATA

4,1 Description of Test Apparatus. The tests were made with the
Event Timer connected to its Test Set. During each of the vibration
tests, the unit was energized -and continuously counting along with
the electronic counter. At the end of each test, the Event Timer
elapsed time count was —<sompared with the Hewlett-Packard counter
reading.

4.2 Test Procedures. Performance criteria were as detailed in
TPC198261244 Vibration Qualification Test Procedure. The Event
Timer display was compared to the instrument counter display to
determine performance,

4.2.1 -Vehicle Dynamics. The Event Timer was subjected to the
following vibration and axes:

Flight Axis (5 to 30 Hz at 3 oct/min) ,
5 to 13 Hz at 0.29 inches D.A. Disp.
13 to 30 Hz at 2.5 G's peak .

Lateral Axis (5 to 30 Hz at 3 oct/min)
5 to 12 Hz at 0.20 inches D.A. Disp.
12 to 30 Hz at 1.5 G's peak

4.2.2 Sine Evaluation. (20 to 2000 Hz at 1 oct/min). The energized
unit was subjected to the following levels in each of the three
axes:

20 to 90 Hz at 0.0029 inches D.A. Disp.
90 to 2000 Hz at 1.2 G's peak

- 7
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KEARFOTT DIVISION REV

CODE IDENT NO. 88818

4.2.3 High Level Vibration (1 min/axis).

20 Hz at 0.00046 g2/Hz
20 to 90 Hz at +9 db/oct
90 to 150 Hz at 0.046 g2/Hz
150 to 285 Hz at +9 db/oct
285 to 500 Hz at 0.31 g2/Hz
500 to 2000 Hz at -12 db/oct

2000 Hz at 0.0012 gz/Hz Composite = 11,8 g rms

4.2.4 Low Level Vibration (4 min/axis).
| 120 Hz at 0.00013 g2/Hz
20 to 90 Hz at +9 db/oct
90 to 150 Hz at 0.012 g2/Hz
- 150 to 285 Hz at +9 db/oct
285 to 500 Hz at 0.077 g2/Hz
500 to 2000 Hz at -12 db/oct

2000 Hz at 0.00028 gz/Hz Combosite’= 5.9 g rms

4.3 Test Results. The Event Timer passed the following vibration
tests:

l. Vehicle Dynamics
2. Sine Evaluation

- 3. . High Level Random Vibration
4. Low Level Random Vibration

It 1s noted that in all of the tests, the Event Timer met the
performance criteria referred to in 4.2.

FI777G 8/70
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Test Data.

Test Equipment,

NOMENCLATURE

Vibration Exciter

Vibration Fixture

Test Set, Skylab
Indicator

Electronic Pulse
Counter

SINGER

KEARPOTT DIVISION

MANUFACTURER

Ling

Kearfott

Kearfott

Hewlett-Packard

194010241

The test data sheets are attached.

REV —™
CODE IDENT No. 88818
MODEL, TYPE,
OR PART NO. S/N
177A or 1
equivalent
C056485026 1
Cc053885027 1
52456/53456 2

or equivalent
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THE SINGER COMPANY ¢ KEARFOTT DIVISION

APPENDIX C

QUALIFICATION REPORT



Document No. C194010242

Doc. Issue -

QUALIFICATION REPORT
SECONDARY DISPLAY AND EVENT TIMER
S-GPI PART NOS. C708753090 AND C708753100

Prepared by:

Singer-General Precision, Inc.
Kearfott Division
Little Falls, New Jersey

Prepared for:

NASA
Huntsville, Alabama
Contract No. NAS 8-26120

26 February 1971

SINGER

KEARFOTY DIVISION

SINGER-GENERAL PRECISION, INC. *+ KEARFOYT DIVISION - 1150 MC BRIDE AVE., LITTLE FALLS, N. J. 07424
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SINGER-GENERAL PRECISION, INC. « KEARFOTT DIVISION

1. SCOPE

This document shall serve as certification that the Secondary Display and Event Timer
meet the design, performance and environmental requirements of Specifioatioﬁ 40M
38208 (Secondary Display) and Specification 40M 38207 (Event Timer).

The qualification tests required by the above specifications are tabulated in Section 3 of
this document. In accordance with these specs, satisfaction of these test requirements
are by test performance, similarity to a previously manufactured item, analysis, inspection;

and/or demonstration of validation of records.

This document cross-indexes the requirements and the method of compliance to the
requirements and also lists the differences between both the Secondary Display and Event

Timer and the item which was previously qualified.

C-4



SINGER-GENERAL PRECISION, INC. « KEARFOTT DIVISION

2. APPLICABLE DOCUMENTS

The following documents form a part of this document to the extent specified herein:

Number

C168753090
C168753100

TPC 198261229
TPC 198261230

C200095184

C200095115

Title

Source Control Drawing

Secondary Display

Event Timer

Acceptance Test Procedure

Secondary Display

Event Timer

Quality Assurance Program Plan

Secondary Display and

Event Timer

Reliability Program Plan

Secondary Display and

Event Timer

C-5



SINGER-GENERAL PRECISION, INC. * KEARFOTT DIVISION

3. REQUIREMENTS

The following cross-index tabulates the qualification requirements for the Secondary

Display Indicator (Table I) and Event Timer (Table 1), respectively.

Where tests are performed, reference to the acceptable test specification is made in the

index.

Where qualification is by similarity to a previously manufactured item, a reference is
made to the applicable note of this document which substantiates the qualification by

similarity .
Where tests are to be satisfied by inspection, reference is made to the inspection plan.

TABLE |

REQUIREMENTS SECONDARY DISPLAY TEST/VERIFICATION CROSS-INDEX

REQUIREMENT TEST COMMENT

SUBJECT PARAGRAPH | TYPE PARAGRAPH
Exterior Configuration 3.2.1.1 Qand A Refer To Note 2
Numeric Presentation 3.2.1.2 Q and A Refer To Note 2
Interface 3.2.1.3 Qand A Refer To Note 2
Terminal Arrangement 3.2,1.4 Qand A Refer To Note 2
Terminal Strength 3.2.1.5 Q Refer To Note 2 and 3
Weight 3.2.1.6 Q and A Refer To Note 2 and 3
Window 3.2.1.7 Q Refer To Note 2
Power Consumption 3.2.1.8 Qand A Refer To Note 2
Display lHlumination 3.2.1.9 Q Refer To Note 2
Power Input 3.2.1.10 Qand A Refer To Note 2
Power Characteristics 3.2.1.1n Q Refer To Note 2
Performance 3.2.1.12 Qand A Refer To Note 2




SINGER-GENERAL PRECISION, INC. » KEARFOTT DIVISION

REQUIREMENT

TEST COMMENT

PARAGRAPH

frequency

SUBJECT TYPE PARAGRAPH

Input Signals 3.2,1.13 Q and A Refer To Note 2 -
Accuracy 3.2.1.14 Qand A Refer To Note 2
Resolution 3.2.1.15 Qand A Refer To Note 2
Sealing 3.2.1.16 Qand A Refer To Note 2
Control Signals 3.2.1.17 Qand A Refer To Note 2
input Impedance 3.2.1.18 Qand A Refer To Note 2
Brightness 3.2.1.19.1 Q Refer To Note 2
Color 3.2.1.19.2 Q - Refer To Note 2

" Readability 3.2.1.19.3 Q Refer To Note 2
Parallax 3.2.1.19.4 Q Refer To Note 2
Numerals 3.2,1.19.5 Q Refer To Note 2
Protective Devices 3.2,1.20 Q Refer To Note 2
Grounds 3.2.1.21 Q Not applicable
Materials, parts, processes 3.2.2.1 Q Not applicable
Flammability and outgassing 3.2.2,1.1 Q Similarity Note 3
Fungus 3.2.2.1.2 Q Note 2 and 3
Hermetic sealing 3.2,2.2 Qand A Note 2
Thermal design 3.2.2.3 Q Note 2
Dielectric strength 3.2,2.4 Q Note 2
Soldering 3.2.2.5 Q Note 2 and 3
Potting and molding 3.2.2.6 Q Note 2 and 3
Finishes ' 3.2.2.7 Q Note 2 and 3
Vibration 3.2.2.8 Q Note 2
Mechanical resonance 3.2.2.9 Q Similarity Note 2
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REQUIREMENT , TEST COMMENT
SUBJECT PARAGRAPH TYPE PARAGRAPH
Insulation resistance 3.2.2.10 Qand A Note 2
Workmanship 3.2.2.1 Qand A Note 2 and 3
Printed circuits 3.2.2,12 Q Note 2 and 3
Metals 3.2.2.13 Q Note 2 and 3
Nonoperative environment 3.3.1 Q Note 2 and 3
Operative environment 3.3.2 Q Note 2 and 3
Operating position 3.4.5 Q Not applicable
Storage life 3.3.6 Q Note 2 |
Interchangeability 3.4.7 Q Note 2 and 3
Product identification 3.4.8 Qand A Note 2 and 3
Sofety A 3.4.9 Q Note 2 and 3
Reliability 3.4.10 Q Note 2 and 3
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TABLE il
EVENT TIMER
REQUIREMENT TEST VERIFICATION
SUBJECT PARA GRAPH TYPE PARAGRAPH
Exterior configuration 3.2,1.1 Qand A Note 1
Numeric presentation 3.2,1.2 Qand A Note 1
Interface 3.2.1.3 Qand A Note 1
Terminal arrangement 3.2.1.4 Qand A Note 1
Terminal strength 3.2.1.5 Q Note 1 and 3
Weight 3.2.1.6 Qand A Note 1 and 3
Window 3.2.1.7 Q ' Note 1 and 3
Power consumption 3.2.1.8 Qand A Note 1
Display illumination 3.2.1.9 Qand A Note 1
Power Input 3.2.1.10 Qand A Note 1
Power Characteristics 3.2.1.1 Q Note 1
Presetting operation 3.2.1.12 Qand A Note 1
Zero output 3.2.1.13 Qand A Note 1
Count down 3.2.1.14 Qand A Note 1
Load generated noise 3.2.1.15 Qand A Note 1
Brightness 3.2.1.16.1 Qand A Note 1
Color 3.2.1.16.2 Q Note 1
Readability 3.2.1.16.3 Qand A Note 1
Parallax 3.2.1.16.4 Q Note 1
Numerals 3.2.1.16.5 Q Note 1
Protective devices 3.2.1.177 Q Not applicable
Grounds 3.2.1,18 Qand A Note 1
Mat erials, parts, and 3.2.2.1 Q Notes 1 and 3
processes :
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REQUIREMENT TEST VERIFICATION

SUBJECT PARAGRAPH | TYPE PARAGRAPH
Flammability and outgassing 3.2,2.1.2 Q Note 1
Fungus 3.2,2.1.3 Q Notes 1 and 3
Hermetic sealing 3.2,2.2 Qand A Note 1
Thermal design 3.2.2.3 Q Note 1
Dielectric strength 3.2.2.4 Q Note 1
Soldering 3.2.2.5 Q Note 1 and 3
Potting and molding 3.2.2.6 Q Notes 1 and 3
Finishes 3.2.2.7 Q Notes 1 and 3
Vibration 3.2,2.8 Q Refer to Appendix
Mechanical resonance 3.2,2.9 Q Note 1
Insulation resistance 3.2,2.10 Qand A Note 1
Workmanship 3.2.2.11 Q Note 1 and 3
Printed circuits 3.2.2.12 Q Note 1 and 3
Metals 3.2.2,13 Q Note 1 and 3
Nonoperative enQironment 3.3.1 Q Note 1 and 3
Operative environment 3.3.2 Q Note 1 and 3
Inputs 3.4.1 Qand A Note 1 and 3
Start operation 3.4.2 Q and A
Stop operation 3.4.3 Qand A Note 1
Slow operation 3.4.4 Qand A
Zero output 3.4.5 Qand A Note 1
Accuracy 3.4.6 Q Note 1
Operating position 3.4.7 Q N/A
Electromagnetic interference 3.4.8 Q Note 4
Storage life 3.4.9 Q Note 1
Interchangeability 3.4.10 Q Note 1
Product identification 3.4.11 Qand A Note 1
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REQUIREMENTS TEST VERIFICATION
SUBJECT PARAGRAPH TYPE PARAGRAPH
Safety - 3.4.12 Q Note 1
Life 3.14,13.2 Q Note 1
NOTES:

1.

In accordance with paragraph 4.5 of 40M 38208/7, qualification of the Event Timer
and Secondary Display to NASA/MFC requirements is by similarity of design and
construction to the Event Timer (C708753071) and Mission Clock (C708753080)
built by Kearfott for GAEC.

Qualification of the Secondary Display to NASA/MFC requirements is by similarity
of design and construction of the Event Timer (C708753071) and Helium Temperature/
Pressure Indicator (C708753013) built by Kearfott for GAEC.

Materials, parts and processes which have been used on both the GAC Mission
Clock, Event Timer and Helium Temp/Press Indicators shall be automatically
approved without submittal. Documentation shall be limited to the indentured parts

list.

Both the Event Timer and the Secondary Display are certified to meet the electro-
magnetic compatibility, environmental non-operative and operative and life

requirements by similarity of their design to the Kearfott produced Event Timer
(C708753071) and Mission Clock (C708753080) of the GAC program.
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4, DIFFERENCES BETWEEN EVENT TIMER/SECONDARY DISPLAY
AND THE GAEC EVENT TIMER, MISSION CLOCK,
AND HELIUM TEMP/PRESS INDICATORS

.~ The mechanical design and concept is similar in nature. Differences in outline

and mounting configuration may be seen by review of each of the indicators

detail specifications.

The circuitry for the counfers, logic and power supply are almost identical when
the Event Timer is compared to the GAEC Event Timer or Mission Clock. One
difference is that LED's are used for the NASA/MFC Event Timer as opposed to
electroluminescent lomps. This eliminates the need for SCR switching circuitry.
The other difference is that flextapes are used for interconnecting, as opposed
to hard wiring. V

The circuitry for the Secondary Display uses similar components to those used

in the GAEC Mission Clock Event Timer. The A/D converter is the same type
as was used in the helium temp/press indicators. The same series of flatpacks

as was used in the GAEC Event Timer and Mission Clock is used in the Secondary
Display. The differences again are that LED's are used for display purposes and

flextape is used for interconnection.

As approved by NASA/MSFC, both the Secondary Display and Event Timer
will use soldering of integrated circuits connections. The helium indicator,

GAEC Event Timer and Mission Clock used welded integrated circuit connections.
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5. QUALIFICATION TEST REPORTS

A. Final test report for GAEC Mission Clock, K/D P/N's C708753080 thru
C708753083, Report Number C200095181.

B. Final test report for GAEC Event Timer, K/D P/N C708753071, Report Number
8194000258,

C. Final test report for LEM -~ Helium Temperature Pressure Display, K/D
P/N C708753013, Report Number C194010004,

5.1 ADDITIONAL QUALIFICATION TESTING TO BE PERFORMED

As a result of the mounting flange being placed adjacent to the front face, the Event
Timer, Part No. C708753100, will be subjected to the vibration tests specified in
Appendix A.
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APPENDIX A

VIBRATION CRITERIA FOR ATM RACK

STRUCTURE MOUNTED COMPONENTS

Specification 1-A - Input to Components Mounted on ATM Upper or Lower Ring Section.

 Total Weight of Components Per Section Less Than 25 Pounds.

1. Vehicle Axis (5-30 Hz at 3 oct/min)
5-13 Hz at 0.29 Inches D.A. Disp.
13-30 Hz at 2.5 G's peak

Lateral Axes (5-30 Hz at 3 oct/min)
5-12 Hz at 0.20 Inches D.A. Disp.
12-30 Hz at 1.5 G's peak
2, Sine Evaluation Criteria (20-2000 Hz at 1 oct/min)
20-90 Hz at 0.0029 Inches D.A. Disp.
90-2000 Hz at 1.2 G's peak
3. High Level Random Vibration Criteria (1 min/axis)
20 Hz ot 0.00013 gz/Hz
20-90 Hz at 9 dB/oct
90-150 Hz at 0,012 gz/Hz
150-285 Hz at + 9 dB/oct
285-500 Hz at 31 92/112
500-2000 Hz at =12 dB/oct
2000 Hz at 0.0012 gz/Hz N
4. Llow Level Random Vibration Criteria (4 min/axis)

20 Hz at 0.00013 gz/Hz
20 90 Hz at +9 dB/oct
90 -150 Hz ot 0.012 gz/Hz
150-285 Hz at + 9 dB/oct

285-500 Hz at 0.077 gz/Hz

C-14

Composite = 11.8 grms
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500-2000 Hz at - 12 dB/oct
2000 Hz at 0.00028 gz/Hz
Composite = 5.9 grms
5. Shock Criteria
No shock test required
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APPENDIX D

RELIABILITY
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FAILURE ANALYSIS

No formal failure analysis report is required contractually on Skylab Non Flight units, how-
ever, the results of investigations into the cause of the failure of Secondary Display SN/101

are presented herein. Included are the following:

A. Confirmation of the failure and projected cause

B.  Kearfott tests on similar units

C.  Vendor review of the circuit in which the component failed and failure analysis
of their component

D. Additional circuit protection provided as a result of a product improvement in a

different area,

The failure of the Secondary Display indicator SN/101 was attributed to the overstress of an
operational amplifier, type LM 102 manufactured by National Semiconductor. This unit was
opened at Kearfott and the input conductor path (Pin 3) of the LM 102 was observed to be
burned out. After consulation with the manufacturer of the component and considerable
testing, the conclusion was reached that a voltage of at least +20 volts magnitude causing

a current in the vicinity of 500 ma placed on the input of the LM 102 or the analog low input
of the Secondary Display could cause this type of failure. Photographs of this failure are

shown in Attachment 1.

Tests were conducted on five (5) LM 102 flatpacks in accordance with the schedule Attach-~
ment 2. Cumulative total time of operational testing was in excess of 96 hours. Various
power cycling tests, changing the on/off sequence of the B+ and B~ supplies with various
input signal levels were conducted with no failures. Overstress tests were conducted with
20 volts on the input lead of the LM 102 and another test with =12 volts on the output lead
of the LM 102. In both cases, the current through the input conductor (Pin 3) was in the
vicinity of 500 ma. The unit with =12 volts on the output lead failed, was opened, and the

same type of failure witnessed as occurred in the field failure.

D-1
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Both failed LM 102's were sent to National Semiconductor for failure analysis together with
a schematic of the circuit in which the LM 102 is used. No fault could be found with the
application in which the LM 102's are used. The only explanation for the failure of the

LM 102's was an electrical overstress as discussed in the previous paragraph. Attachment 3

contains the documentation from National Semiconductor.

Before failures of the LM 102 occurred in the field, a product improvement consisting of
adding a 5 K resistor to the input line of the LM 102 (in series with the analog low input
of the Secondary Display) was incorporated. This resistor was added to prevent oscillation
of the LM 102 as a result of placing a low impedance or short circuit between the input
and power ground of the LM 102, The oscillation resulted in a random updating of the
initial sampling of the input analog voltage. Subsequent samplings provided an accurate
display of the input analog voltage. However, to prevent this "first time" random display
characteristic and to provide a safety factor for any possible degradation of the LM 102

or associated circuitry over a long time period (several years) the resistor was added as sug-
gested by National Semiconductor. Non flight units SN's 103 and up and Flight units 202

and up contained these resistors. Only units without the resistor have failed.

The resistors also provide current limiting on the analog low input to the Secondary Display
preventing excessive current transients and eliminating failures caused by direct application

of high voltages.

Currently only Secondary Display SN/201 and SN/102 do not contain this resistor. Both

are in process of retrofit.



LAB SAMPLE
LM102

CUSTOMER SAMPLE
LM102

8 VOLTS 600 MA




ATTACHMENT NO. 2
nNational Semiconductor Corporation

TO: John Chmiel April 19, 1971
FROM: Dick Kramer

SUBJECT: Singer - Kearfott LMI102

John,

Copy of Failure Analysis Report 701 attached. Note that
the condition could be duplicated in the lab by driving V minus
about 8 volts more positive than the input. The fusing current
was on the order of 600 mA. Hopefully, this information, together

with Bob Dobkin's, will help the customer resolve his problem.

Regards,

Kk

D-4
2900 Semiconductor Drive, Santa Clara. California 95051 {408) 732-5000/TWX (910) 339-9240 CABLE: NATSEMICON TELEX: 346353



ey FAILURE ANALYSIS REPORT
Ly RELIABILITY ENGINEERING DEPARTMENT
' MICROCILCUITS DiVISION

l_. File No. 701

SR Singer Kearfott

. Date  April 19, 1971

l:.:ee.'-:-.' Dept/Ccrmpcny Anclysis By M. Parker
erences/Attcchments ' . Approved By

. Hand written letter and electrical schematic Distribution:

BACKGROUND:

Received ¢ 1LM102/883 date code 7013 and 7021.

Both parts had been opened by the customer.

ANALYSIS:

Visual examination showed the metal trace to pin 3 melted open.
Electrical duglication of this condition with a power supply by

grounding pin 3 and applying 8 volts 600mA to V-.

Included is a photo of the failure sent by the customer and a photo

of the same condition duplicated in the lab on a new device.

CONCLUSION:

Customer test and/or application problem.
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Mamorandum . Silli(?li!!

l_

SINGER-GENERAL PRECISION, INC.

KEARFOTT DIVISION
o J. Koprowski

fom v, Ciliberto : refer to

subject Skylab - Reliability Data List _date 8/5/71

The attached Reliability Data Lists for tne Event Timen Secondary
Display and the Four Digit Indicator are submitted for inclusion
in the Final Engineering HReport to NASA-MSFC. These documents
have been completed in accorcance with the HReliability Program
Task Requirements and reflect the final design configurations

to-date.
fw(L Lo
V. Ciliberto
Reliability Task ilanager
NASA-SKYLsB Program Displays
VC:1lb

cc: J. Attwooll
L. Dourgarian
L. Graziano
C. Tiso
W. Tyberg
File

l ' D-11
23 1/6%
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INTRODUCTION

This document contains the Kearfott Reliability Prediction and
Estimation Report for the NASA-MSFC Skylabs Event Timer, Second-
ary Display and Four Digit Display. This report is written in
accordance with the following specifications:

MSFC Specification 40M38207
(Event Timer)

MSFC Specification 40M38208 ‘and

(Secondary Display) 40M38208-9

(Four Digit Display)

Kearfott Division
Reliability Work Statement Dated June 26,1970

Kearfott Division A C200095115 Rev. A
Reliability Program Plan -

NASA Reliability Publication NCP 250- l July 1963
(Reference Document)

The reliability prediction presented is based on the final design
configuration available from the Electrical and Electronic Com-
ponents Lists C543053900,C543053901 and C543053971 for th2 Event
Timer, the Secondary Display, and Four Digit Display, resp=c-
tively. Any significant changes to the respective designs
willbe assesgsed to determine their effect on the reliability of
the systems and will result in an updated prediction.
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RELIABILITY DISCUSSION

The Reliability Prediction and Estimation Analysis is a result
of reliability studies which were performed to ensure that op-
timum design for the Event Timer, Secondary Display and Four
Digit Display indicators has been achieved.

The analysis included a review of each basic system and the
major sections thereof. A thorough study of each of the major
sections has resulted in trade-offs and selection of components
necessary for maximizing performance and reliability. The
choice between utilizing integrated circuits or discrete cir-
cuitry for specific applications was based on achieving and
maintaining the optimum design when considering state-of-the-
art capabilities, reliability, performance, and delivery.

The type of circuitry used in the Event Timer, Secondary
Display, and Four Digit Display indicators was thoroughly in-
"vestigated and is a result of experience and knowledge gain-
ed in developing the ATM 4 and 5 digit indicators, ORDEAL, and
LEM Apollo Indicators for space application.
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FUNCTIONAL DESCRIPTION

Event Timer

The Event Timer displays four light emitting diode numerics indicating
decreasing readouts of time. The readout range is from 99 minutes 59
aeconds to 00 minutes 00 seconds with no automatic countdown interruo-
tion after 00 minutes 00 seconds. The display is updated once per
second and is capable of being preset to any time within the readout
range. A gzero output circuit is activated at the 00 minutes 00 seconds
and remains activated until the circuit is opened by external means.
Control of the timer operation and power inputs is from external sources.!

;
|

The oscillator card A7 contains an oscillator whose output is 1,L48576 ‘
MHZ and two flatpacks which count down to an output square wave equiv- l
alent to 650536 KHZ. X

The timing card A6 contains sixteen flip flops im eisht flatpacks and |
provides divide by 2 to the sixth, 2 to the fifteenth and 2 to the '
sixteenth outputs, The command rate, clock rate, and clear inputs to

the flip flops are brought out, The clear signal presets the circuit ,
at counter start. ' ,

The control circuit card AS provides logic for determining and con-
trolling the mode of operation of the Event Timer. Three command sig-
nals, Start, Stop and Test, are inputied to the card which determines
the logic levels of the Slew Start Count Test commands and clock re-
petition rate controlling the indicator. When a Stop command signal is
received, the clock repetition rate is set to 2 HZ, the Enable Slew .
output is set high and the Start command is set low, When a Start com-
mand signal is received, the clock repetition rate is set to 1 HZ, »
reset signal is gener. .ted for setting the flip flops of the timing card
to delay the first clock pulse output one second, the Start command is
set high and the Slew command is set low., When a Tast command signal
is received, it overrides the Stop or Start command signals, sets thea
clock repetition rate to 1024 HZ, and sets the test command low,

The counter logic cards Al-AlL contain seven flatpacks for the selection
of a clock which i{s counted down and encoded as a BCD output, The out-
put is in a 1-2-4-8 code and is capable of driving a Hewlett Packard LED
numeric display. A circuit has been provided to reset the BCD output to

]e“TfY
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gero when, at power turn-on, the BCD output is greater than nine. A
carry output pulse is provided when the BCD output changes from zero to
nine,

The discrete card A8 is made up of seven discrete buffer circuits whose |
input impedance is greater than 100 K ohms., There is also a SCR zero :
output circuit capable of sinking 200 milliamperes. EMI and random pulse
suppression circuits are included in the buffer circuitry. |

Secondary Display

The Secondary Display converts a O to 5 VDC analog input signal into BCD
digitsl form and displays this information on four light-emitting diode
(LED) numerics. The display is capable of presenting eight (8) different
scales, each selected by external scale command., An additional command
is used for lamp test in which sach of the diodes in the LED display is
illuninated by rapidly pulsing the counters, thereby rippling the LED's
through all numbers,

The Sscondary Display is comprised of six circuit cards, a Dowar supply,
and the four LED numerics.

The power supply generates +12 VDC, £6.2 VDC and +5 VDC from a 28 VDC
input, The t1l2 VDC and +6,2 VDC are used to power the analog section of
the display; the S VIC i{s used for logic power. Counter cards Al and A2
supply the four BCD words of information to the LED's., The LED's contain
internal logic which converts the BCD input into numerics. The control
logic card A3 provides the necessary logic to assure appearance of the
selected scale.

The oscillator card AL contains two uhijunction oscillators: one approx.
4O Khs used as a clock input to the counters, and the other producas a
pulse approximately every two seconds to initialize logic prior to an
update. The AL card also informs the AS integrator to integrate uy or
dzun. The operation of the integrator is sequentially controlled by card
Abe ’

The integrator card A5 contains the analog circuitry necessary to imple-
ment the analog/BCD conversion and is essentially an integrator and com-
parator. The technique used for conversion is the Up/Down Ramp method
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1
'

comparing the input signal against a known internal reference.

The discrete card A6 serves simply as a buffer card so that 28V
command signals are converted to logic levels. This card pro-
vides EMI pulse suppression and prOV1des minimum input imped-
~ances of 30K ohms.

FOUR DIGIT DISPLAY

The Four Digit Display converts a 0 to 10 Vdc analog input sig-’
nal into BCD digital form (representing the input voltage) and
displays this information on four light-emitting diode (LED)
numerics. A command is used for lamp test in which each of

the diodes in the LED display is illuminated by rapidly puls-
ing the counters, thereby rippling the LED's through all :
numbers.

The Four Digit Display is comprised of five circuit cards, a
power supply and thé four LED numerics.

The power supply generates t12 Vdc, $6.2 Vdc and +5 Vdc from a |
28 Vvdc input. The $12 Vdc and $6.2 Vdc are used to power the
analog section of the display; the 5 Vdc is used for logic
power. Counter cards Al and A2 supply the four BCD words of
information to the LED's. The LED's contain internal logic
which converts the BCD input into numerics. Two oscillators
are ysed in the display. The clock oscillator found on the
A3 card has a frequency of approximately 400 K hertz. This
oscillator is a Hartley, L.C. oscillator. The A4 card con-
tains a unijunction oscillator which delivers a pulse approx-
imately every 2 seconds. This pulse is used to update the
display. The A4 card also informs the A5 integrator ‘to
integrate up or down. The operation of the integrator is
sequentially controlled by  ¢ard Ad.

The integrator card A5 contains the analog circuitry neces-
sary to implement the analog/BCD conversion and is essen-
tially an integrator and comparator. The technique used
for conversion is the UP/DOWN Ramp method comparing the in-
put signal against a known internal reference.
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RELIABILITY PREDICTION METHOD

The reliability prediction is an estimate of the inherent re-
liability of the Event Timer, Secondary Display and Four Digit
Display indicators when operating in a space (Earth Orbit) en-
vironment. The method and data of Mil Handbook 217A,Reliability
Stress and Failure Rate Data for Electronic Equipment, Mil
Standard 756A, and Kearfott Secondary Data were used to prepare
this prediction.

The method of prediction is to select a criterion in establish-
ing the effects of equipment design. It enables a check upo:u
the initial design to determine compliance to the required re-
liability. The factors involved in the reliability prediction |
and analysis are as follows: ;

- Apportionment of reliability goals and fequirements
. Determination of environmental condition and mission profile.

. Development of a reliability mathematical model
- Determination of part population for each functional element
Design analysis of part application

. Assignment of failure rates, adjusted for stress
. Prediction of reliability
. Feedback of information to appropriate personnel

The approach taken by Reliability Engineering in evaluating and
estimating the reliability of the Event Timer and Secondary
Display indicators is based on the exponential failure frequency
distribution f(t).

‘ - At
f(t) = )e

Reliability is a function of Mission Time (t)

o -t -t/m
R(t) = st F(t)dt = e = e
where
A = mean failure rate in failures per
million hours,
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]

mission time in hours,

m = 1/ w=mean time to or between
failures in hours. (MTBF)

The prediction for the indicators is based on part complexity, |
design electrical part stress, operation at the maximum al- *
lowable temperature of +859C (including anticipated internal
heat rise) and other environmental conditions compatible with
those experienced in space environment. Essentially, a worst
case Reliability Prediction was made, ir that failure rates.
for continuous operation at the elevated temperature were
applied. The predicted reliability for the indicators is
shown to be

Event Timer R = .9853
Secondary Display R = .9828
Four Digit Display R = .9844

in an operational environment. This prediction is based on

the use of Hi-Rel or Established Reliability parts. The sum-
maries shown in Figures 1,12 and 3), Reliability Model for

the Event Timer (Secondary Display ‘and Four Digit Display), .
applies to the current FLIGHT-USE production equipment.
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RELIABILITY GOAL

(Raf.hEvent Timer Spec. LOM382707 para.
3. 013.

Secondary Display and. Four Digit D:.splay
Spec. 40M38208 para. 3.4.10.2)
Reliability Destgn Goal = R = ,998
*Based on Mission Profile of 1,000 Hrs.

Mathematical Model:

R . o -t/m where t = Mission Time
.998 = g “1000/m n = MTEF |
ln .998 = 1n (e ~1000/m) ™ olafatlure rate per
million hours
=-.002 e 21000/m
n = 500,000 Hrs.
or

™ = 2,00 per million hours of operation

* Amended per REF. S.0. 926-080017
Dated 6/26/70
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'"PREDICTED RELIABILITY AND MATHEMATICAL MODEL SUMMARY

The total system failure rates for the present con-

A = 17.2461 failures per million hours of operation

F lab/total
2.6664
.6666
.7518
.4770
1.0626
2.0655
6.9736
.0843

.o« 14.7478

_F lab/total

.7786
.6926
.8646

1.0457
1.4118
1.1984

. 4.0351
. 3.4868

- 3.6032
.1293

17.2461

F lab;total
.778

.6066
.7374
.8352

1.4118

4.0351

3.4868

3.6032

. . Sl

Tabulated below are the parts counts and failure rates of present
Event Timer, Secondary Display and Four Digit Display system con-.
figurations.
figurations are A = 14.7478 failures per million hours of operation
(Event Timer);
(Secondary Display), and A = 15.6240 failures per million hours of
operation (Four Digit Display).
Event Timer

Part. Qty F labéea
Counters .
Control Logic - 1 +6666
Timer 1 .7518
Oscillator 1 <+ 4770
Discrete 1 1.0626
Power Supply 1 2.0655
LED Indicators 4 1.7434
Misc. Parts 1 .0843

Total . . . . . . . o e . e
Secondary Display

Part gty F _lab/ea
Counters (Al) 1 .7786

(A2) 1 .6926
Control Logic 1 .8646
Oscillator 1 1.0457
Integrator 1 1.4118
Discrete 1 1.1984
Power Supply 1 4.0351
LED Indicators(DS1l,3) 2 1.7434

(Ds2,4) 2 1.8016
Misc. Parts 1 .1293
Total « v ¢ v ¢« ¢ 4 4 @ v e e e e
Four Digit spla
Part t P labéea
Counters (Al) QTX' .

(A2) 1 - .6066
Oscillator 1 .7374
Control Logic 1 .8352
Integrator 1 1.4118
Power Supply 1 4.0351
LED Indicators (DS1,3) 2 1.743%

' (DS2,4) 2 1.8016
, —ﬁ- Misc. Parts 1 .1293
'Wé? Total . « . « . . . . c e e

A
A ‘
10 VR

I N D-62
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rived as follows:

- t
R =¢ A

NO.C200095116
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The Orbit Environmental "K" Factor from Mil Standard 756A = 1.0
Based on a mission time of 1,000 hours and the res ective failure
rates of each indicétor, the:reliability of the indicators is de-

R = probability of success
A = total failure rate

t = mission time in hours

where:

Event Timer
-(14.7478 x10-6) (1000)

Ra—

R=e - 0147478

R = .9853

Secondarx Display

R = e ~(17.2461x1076) (1000)
R = e —-0172461

Rz .9828

Four Digit Display

R=ce
R = e

B:

-(15.6240x10°
-.0156240

(1000)

.9844
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EVENT TIMER

NO.

— _m

RELIABILITY ENGINEERING
RELIABILITY PREDICTION

@ 85%

200095116

FAILURE RATE

' KapPL X
______ _ fLaB./€A. |fLAB./TOT fLa8 /70T

Al Board

r..... it S ..._...’, S d

6666[

From page 15

|-DS3 Indicator LED . . _

| DSk Indicator LED
r

J1 Connector, 18 pin

FLI Filter, RFI _ o
. e ———

et e e s p—— = o—— oo

N
o)
L
o

Tot+

SR T udn Y SRR *

[ 1,743 | =
1,7h3k -

L0681 | -

.0162 -
Faillure Rate| =
MIEF| -

R -

0162
14.7478
67,807

1.743L
1.743L

L0681

«

.9853

Kearfott Secondary _ |
{Kearfott Secondary

Aerovox

Mil Hdbk 217A

hrs

‘coey /89

D-67

S et BEKIBCTIEERS o —_— . e e ——— - 4
| 42 Board 1 11.0 | 1466667 - +6666_|From page 15 |
A3 Board | 1 110 | 66661 - | .6666 |From page 16

o S S I R B |
Al Board ] __qu_._g -+ 6666 1| - .6666 |From page 16

cod e

AS Board — L {r.].'zg..T 6666°| - _ | .6666 |From page 17 ~

1.._ . - -_. - - S it

A6 Board - 1 110 | ..7518 | - -7518 -|From page- 17 |

-  — .. e . ) - . ' T are o s e 4 —— .4

A7 Board L 1.0 } .A770%) = . | L4770 [From page 17 __ _ :
| A8 Board Jp 1P [1.0626 = ] 1.0626 From page 19

PN SUVPISIUNY SRR SOUTRS S S S 4

) A9 Board N | 1 1.0 | 2,065 | - 2.0_655 | From page 20 :

!

DSl Indicator LED R ,_%}L_._Q_ 1 7h3h ) B 1.7434 Kearfott Secondary _;

| _DS2 Indicator LED o 1,0 1 Th3h - 1.743L4 |Kearfott Secondary ]
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RELIABILITY PREDICTION

@ 85°
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T FAILURE RATE
PART NAME ‘ F‘Tm KappL SOURCE
fLas./€a. |fLaB./TOT :( APPL X
—— ) LAB./TOT.
Al Board S U SRR | | I S
| Cl Capacitor CKR 1<..10 ]-,.-.L 0008 e ] OOQB,_,A_ Aerovox
c2 Cgp?'iacitor CKR <. 04;{.0 7.0008 - 1.(2009 Aerovox
Ul Int. Circuit 1l -_110 ] .080 | - .0860 | Kearfott ]
U2 Int. Circuit | - |10 | .080 | . _ |.0860 |Kearfott
U3 Int, Circuit - 1.0 |.0860 | - _ 1.0860 _[Kearfott
UL Int, Circuit = _11.0_| .0860 - .0860 | Kearfott
US Int. Circuit = |10 | .0860 - 0860 | Kearfott
U6 Int. Circuit - 11.0 | .0860 - 0860 | Kearfott
U7 Not Used - ¢ - - - _.l_-=
U8 Int. Circuit - 4 1.0 | .0860 _=....].0860 _|Kearfott =
Al Circuit Board ~ -] 1.0 ] .0630 - .0630 _ |9th S_ymposlum L j
+ U GRS SR (. . :Q6..6_6_. 4. — 4
| A2 Board Y AN AUSEY RURR S
}_Ql._C.a_p_facitb!‘ CKR <.20110 | ,0008 1 -  [.0008.  _ lAerovex ____ ____ _ J
. G2 Capacitor CKR <1011.0 | .0008 = . 10008 __lAerovox ]
UL Int. Civeutt ) - .f1.0 |.0860 | - .. 0860 |Kearfott . |
U2 Not Used S O N T . S - D U . S K
U3 Int. Circuit - l.-_]x0 |.080 | - +0860  |Kearfott B
UL Int. Circuit - - 1.0 | .0860 | - 0860 - |Kearfott -
US Int. Circuit e} = ]2.0. ] 20880 | . ],0860 |Kearfott o
U6 Int. Circuit 4= ]1.0 1,080 | - 40860__ |Kearfott _  _ _ _ _ _
| U7 Int, Circult . 4 - }1.0 | 0860 - »0860 _ [Kearfott .
U8 Int. Cireuit . . .} - ]1.0 | .0860 - «0860 _|Kearfott
A2 Circult Board ____ _ }'- 1.0 |.0630 - |20630 _ |9th Symposium
e e e e +6666
A3 Board
a Capacitor CKR “_“ - A<_.id 1.0 |.0008 [ - .0008 *_|Aerovox
C2 Capacitor CKR ~l<ao]1.0 0008 | - |.0008 [rerovex S
Ul Int, Sireutt . | - |10 [.0860 | - [0860 [kearfott.
U2 Int. Circuit - J1.0 |«0860 - - 0860  |Kearfott _
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TFE&J FAILURE RATE

PART NAME ~ ATIO {KappL ' SOURCE

KappPL X
L fLaB./€A. [fLAB./TOY tLaB/TOT
A3 Board (cont'd) SRR DR SR RO W
_.!3.__].:_“1:‘ Circuit | LA 1-Q_4 _:.0890 L = -] 008.6.0.-_..... | Kearfott

| UL Int, Circuit -_J30 ] .080_ | _- . |.0860 _|Kearfott

US Int, Cirewit = 0 - l1.0).0800 | . = 1.0800 yearfott . |
U6_Int, Circuit L - [1.0.1.0860 | _=._ 1.,0860 _|Kearfott
| U7_Not_Used S IS (U SRRESRN SRR R B

U8 Int, Circuit - 1.0 | .0860 - 20860 Kearfott

A3 Circuit Board o 1.0 ] 00630 | - 1.0630_ _|9th Symposium
6666
AL Board L . . »
Cl Capacitor CKR <.10/1.0 | .0008 | _~- _1.0008 _|Aerovox _ _  _ |
C2 Capacitor CKR __ _ 1<.10]/1.0 | .0008 | -  |.0008 |perovex. . .. |
| Ul Int. Circuit o= 1] a0860. | = ].0860  lKearfott . |

vz Int. Cireatt | - 1.0 .08 | - [.080 iXearfort__
U3 Int, Circuit l.-..]1.0 }.,080 | -  ].0860 _|[Kearfott _
Ul _Int. Circuit - 11.0 | ,0860 = . .1.0860 __|Kearfott _
US Int. Circuit er .} = 11.0 ] ,0860 _; = .. 10800 |Kearfott __ ..
| U6 Int. Circuit ] = |ra 0860 | - ].0860 |kearfott _ _ _
U7 Noj‘_gged . L= ] i SR SR S -

e [T

- S S e DY WS AN S R R R O
U8 Int, Circuit e} = 11,0 ] ,0860 | - 1.0860  |Kearfott |
Al Circuit Board )= J160.1.0630 . L - 10630 19th Symposium e
AS Board ] | o

| Cl Capacitor CKR . . ... {<,10 /1,0 |.0008 - .0008 _lAerovex
JZ*NQQLI,QL_QKB_“_,__W o 1<a0 1.0 | L0008 - 0008 Aerovox

| UL _Int, Circuit - 1.0 | .0860 - 0860 Kearfott

| vz Mot Used . |- |- =) S S
- U3 Int. Circuit e )= J1.0 |0R60.. .. - +0860 _ lKearfott . _ .

' .0860 - .0860 [Kearfott, +

1
Ul Int, Circuit R 1.0
. US Int'c.. C.j-mm..-_‘ - b - 1.0 90860 1 - .0860 Kearfo.ttA

- 1.0 | .0860 . .0860 Kearfott

!l y6 Int. Sircuit

o0es /9
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RELIABILITY PREDICTION
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.e'?’tf

a 85°C o
? FAILURE RATE
PART NAME ‘ ﬁ‘gﬁ“,ﬂ SOURCE
fLas./€a. |fLaB./TOT 'K"PL X '
PR, LAB./TOT.
A5 Board (cont'd) ! ) RN N MU SN &
U7 Int, Circuit . .1.,.0 .0860 4= .0860““.1{93&0&1__.
| U8 Int, Circult_ =_ a0 | 080 | o 1.0860 _[Kearfott
AS Circuit Board | -_ [1.0.] 40630 |} . = ].0630_._19th Symposium  _____|
' ) L 146666 ‘
.. A6 Board _ Y SR (AR SUN S S ‘
Cl Capacitor CKR <.10]1,0 | ,0008 - .0008 Aerovex
Ul Int. Circuit - 1.0 | ,0860 | = _ . |.n8ko__}Kearfott
U2 Int. Circuit - 11.0 | 0860 - .0860 | Kearfott |
U3 Int, Circuit - 110 | 080 | ~-_._ 1,080 . {Kearfott
U4 Int. Circuit - 11.0 | :.9.8.60 S T 140860 _ igearfott .. . __ 4
US Int, Circuit -. .J1.0.} .080 | _- 0860 |Kearfott . _ . _ ]
U6 Int, Circuit 1l - ]1.0 | .0860_ R SRS +0860 - |Kearfott __ ____ . ]
U7 Int, Circult —4 = .]3%.0 | 0860 4 -  ].0860 _lKearfott . !
U8 Int. Circuit -..)1.0 | .0860 - -  1.0860 __ |Kearfott __ __ _ _ ]
A6 Circuit Board - 110 |.0630 - .. .1.0630 _l9th Symposium ]
S I S Y 31 T S ﬁ
| A7 _Board —_——te bl o )
Cl Capacitor CKR <,10_ rL;p_.*_.smf_.ﬂ?. = .|.0008. Jaerovex . .__ |
Ul Int, Circuit el = J2.0 | .0860 - 140860 Kearfott B
U2 Int. Circuit oo} |2.0 {0860 | - ].0860 _ |Kearfott e ]
Yl Oscillator _l®  11.0 |.2412 = je2hd2 #90” ]
A7 Circuit Board -4 - |10 |.0630 - 0630 __l9th Symposium B
. e +4770 | ]
A8 Board . - A .
' CL Capacitor CKR .28 [1.0 [.0017 - 0017 )
| c2 Capacitor CKR ... .28 1.0 0007 | - loowz 4
. C3_Capacitor CKR —eee ) #28 |20 | ,0007. | - 0017 - 4
_ Ck Capacitor CKR ...} +28 |1.0 |.0007 - 0017 4
G5 Capacitor CKR ] .28 {1.0 |.0017 - .0017
06 Capac:tor CKR +28 ]1.0 |.0017 - 0017 .

0003 "9

# Stresa values supplled by McCoy
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SINGER-AENERAL PREOINION, 104..

LITTLE PALLS WEW JEREEY @ 8500
PResd FAILURE RATE
PART NAME * PRATIO [Kapp, SOURCE
__{tuiassea. (tLae/ToT ,K L:\:;‘;o:.
A8 Board (cont'd) U T S SO S ST
| C7 Capacitor CKR o280 Joor7 | - ﬁoo,l],___ Aerovox n
C8 Capacitor CKR : .28_%_].,.0 0017 1 = .. f.0017 __ lAerovox —
CRL SCR : _4<.1001.0 ) .0962 | - {20962 {Mi) Hdbk 20TA ... __
QL Transistor NPN <:1011.0 [.o9h | - _ lolgh _lFairchild
| Q2 Transistor NPN. —J<:2011.0 } 0094 | - _ 10194 |Fairchild
Q3 Transistor NPN <.1011.0 | .0194 = _ _ {a019L __|Fairchild
Ql Transistor NPN <10 11.0 1,009k | - . J.009h . |Fairchild
QS Transistor NPN <.10 j1.0 | .0194 - 0194y |Fairchild = |
Q6 Transistor NPN j<.10 11.0 | .019 - ..,._Q.lﬁl.t_,.fﬂﬂ1.13111.].51_______.____1
Q7 Transistor NPN <1010 j,009h  _-_  _1.009L _ jFairchidd .
Rl Resistor RNR e 15201200 140260 |- | |.0260.. |Mil Std 199A . __ J
R2 Resistor RNR . 4%1011.0_1.0260 L - . 10260 .. [Mi) Std 199a _ . . |
| R3 Resistor RNR -—4<20]1.0 [.0260_ ) -  lo260 M1l staree . . |
R4 Resistor RNR - |40 1.0 1.0260 | -  ].0260  |Mil Std 199A _
RS Resistor RNR T<.1o 1.0 |.0260 4[,__-__ .. J0260  Milstdioea. ]
R6 Resistor RNR _ J<10.01.0 .0260 | - lo260 . [Mi1 std 19 |
| R7 Resistor RNR g0 f1.0 Je0260 | - Jo260. d_199A _
R8 Resistor RNR e 4620 (1,0 1,0260 - . 10260 il Std 1998 . . __
| R9 Resistor RNR e 2 }&20 1.0 J0260 | - 0260 Mil Std 1994 -
R1O0 Resistor RNR e o< 10 1.0 }.0260. | .= . 1.0260.. Mil _Std 199A i
RL1 Resistor RNR _-J<ro o f.o260 | - Loz6o_ il staigea . _
R12 Hesistor RNR _. |10 |1.0 [.0260 | - .0260  Mil Std 1994
[ 13 Resistor ANR____ |10 [1.0 |.0260 - o260  Mi1 std 199a
L}‘.l..‘!- Resistor RNR 1410 [1.0 |.0260 - L0260 11 Std 1994
| R15 Resistor RNR {10 [1.0 |.0260 - L0260 il Std 1991
| B16 Resistor RNR__ <10 f1.0 |.0260. | - lozeo il std 199a
RL7 Resistor BNR = <10 |1.0 {.0260. | - L0260 _ Mil Std 1994 ... _
' R18 Resistor RNR ¢10 |1.0 |[.0260 - L0260 il Std 199a
(B9 Resistor R . |c.10 [0 f.0260 | - lo260  Mi1 sta 199
{ R20 Resistor RNR <10 [1.0 |.0260 - 0260 il Std 1994

oues 989
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: - EVENT TIMER
SINGER ~ RELIABILITY ENGINEERING

KQARPOTT BIVIBION

REI.IIBII.;IY PREDICTION
- @ 85°C

SINGER-SBRTNAL PREBISION, 1.
LITTLE PALLS MOW JEReSY

TRESa FAILURE RATE |
PART NAME | Fu'm KappL ‘SOURCE
fLaB/ea. |fLaB./TOT :‘"PL X
e LAB./TOT.
A8 Board (cont'd) b b L
R21 Resistor RNR £-1011.0 '0260”F - __} 0200 |Mil Std 199A |
R22 Resistor RNR £.10]1.0 | .0260 e 420200 {Mi) Std U99A
R23 Resistor RNR _{<.10[1.0 | .,0260_ | = . ] .0260 [Mil Std19oa . __|
R2l Resistor RNR <.1011.0 | .0260_ [ _-__ .1 ,0260 _|Mil Std 199A
. R25 Resistor RNR —4€+1042.0 10260 | - _.1.0260 [Mi] Std 1994
R26 Resistor RNR <.10 11,0 } .0260 - 0260 _{Mil Std 1994
R27 Resistor RNR 4.10 11,0 | .0260 = . ].+0260 _[Mil Std 199A
R28 Resistor RNR £,10 1.0 | .0260 - 20260 [Mil Std 199A
R29 Resistor RNR <,10 |1.0 | .0260 - _._1 20260 _IMil Std 199A
A8 Circuit Board = 41.0 11,0630 | _- ! .0630  l9th Symposium |
e b jen. L |re0626
A9 Board SRS U WS TN R S ' o
Cl Capacitor CSR g 03T.J2,0 1,0052._ ) - | .0052 _|Spragus. ._._. o]
C2 Capacitor CKR 45,20 1.0 10008 L - _ _1.0008. Aeravex . ___ __ . __ |
€3 Capacitor CSR .25 11,0 1.0029 | - 4 0029 __|Sprague )
Cl Capacitor CKR .J&10 1,0 1.0008 | - _ | .0008  lAerovox _ )
rcs Capacitor CKR _l.0]10 0008 | - _ | .0008 .jlerovox . q
Cé Capacitor CSR | .29 |1.0 ].0035 | - . l.0035 |Sprague e
C7 Capacitor CSR | .5 [1,0 f.0000 | - |.0l00. |Sprague . .  _
CRL Diode ceamf 025 (1.0 1 0U63 . | i = . |.Ok63 . |TRW Elect,. .. e
CR2 Diode ] 225 ]1.0 |.0L63 - ...} 0463 ITRW Elect. . . _|
CR3 Diode ] 25 (1.0 J.0u63 | - 0L63 _ITRW Rlect,. . _ .
CRhDlode . .| .25 1.0 [.0u63 | - .0463. _ITRW Elect. -
L CRo Diode ...} .25[1,0 l.063 | - .0L63 ['RW Elect.
| CR6 Diode . _ . ... . «25 |1.0 |.0463 - 0463  |TRW Elect. .
|meFuterrer . |- h.o loser | -
FL3Filter RFI I~ 1.0 ].0681. .]. - —_—
_FL4 Filter RFI cd - o |osmr | - !
FLSFilter RFI = |- .0 }.0681 | - 1
.{_I,',l. Choke - 1.0 1.0666 - .
. 0083 N9
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NO.  C200095116
PACE ISSUE 4
EVENT TIMER
SINGER RELIABILITY ENGINEERING
T e s PREDICTION
Sl e, REL":'!':I! | |
TR FAILURE RATE
PART NAME ‘ F"’m KappL SOURCE
fLaB/€a. |fLAB./TOT :‘"" X
—_—— LAB./TOTV.
A9 Board (cont td) _ S R R RN I
| L2 Choke - 1.0 | .0066 | - _ | .0666 |RADC -
L3 Choke = 1_1-0 0666 | - ] .0666 _|RADG ]
Ol Transistor NPN «7h] 1.0 | .0980 o= . |..0980_ {Fairchild _ __ __ |
Q2 Transistor PNP 3911.0 | .0L90 | _- _ | .0490 _|Fairchild
| Q3 Transistor NPN —}.»53]1.0 | .0660 | _~- _ | .0660 Tj‘_tmp_n_i,].g__
QU Transistor NPN .h]Jhl.Q_ .0570 - 0570 |Fairchild
05 Transistor NPN _e4711.0 } .0570 - .. ] .0570 _[Fairchild
Rl Resistor RNR <£.10{1,0 | .0260 - __1..0260 [Mil Std 199A
R2 Resistor RNR 4.10 1.0 | .0260 -_.. 1 .0200 |[Mil Std 199a
R3 Resistor RNR <:1011.0 | .0260 | - | .0260 |Mil Std 1998 _ |
Rl Resistor RNR <.1011.0 }.0260 | .- | .0260 |Mil Std 199A _ ____ |
RS Resistor RNR J«2041.0 1.0260_ L - . |.0260. |Milstdioen . |
RO Resistor RNR e J4e10.1100 10260 = | .,0260 _ [Mil_Std 199A
R7_Resistor RNR 1410 11.0 1 ,0260__  _=-_ .| .0260 . |Mil Std_199a
. R8 Resistor RNR 4,10 11,0 1.0260 | - | .0260__[Mi1 Std 1994 ]
R9 Resistor RNR _ |40 f1.0 1,020 | - |.0260 IMil Std 199A f
R10 Resistor RNR S LY _1:9..*_:%99. |7 . .].+0260 IMil Std 199A _ 1'
[ RI1 Resistor R 1410 |1.0 |.020 | - | .0260 w1l std 199a i
R12 Resistor RNR e 2 J&020 |1,0 | 0260 - . | +0260 [Mil Std 1994 ]
R13 Resistor RNR - }4e10 11,0 140260 | = | | ,0260 . [Mil Std 199A .. _ _
Rll Resistor RNR —{&10 1.0 1,0260 | - |.0260 IMil Std 1998 _ . _ _
{ R15 Resistor RNR —q%10 (1,0 r-926.0.. - <0260 . Mil Std 199a. ]
[;I'Trangig__er e b 1.0 | .0666 - 0666 _|RADC
VRl Digggﬁgquz_____m_____‘”‘4.10 1.0" 1273 - .1273 [Dickson
FVﬁ2"blode_Zener o 10 |1,0 1273 - .1273  |Dickson ]
_VR3 Diode Zener 410 1.0 |.1273 - .1273 Dickson )
A9A1 Circuit Board . - f1.0 [.0630 - .0630 _ [oth Symposium __ -
" A9A2 Circuit Board - |1.0 |.0630 - 0630 Pth Symposium !
: e e P.0655
L.'o’o'o's 1) - - -
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SINGER

SHI0ED-0ENEAM FROMIBI0N. ook
AITRLE MR AW MESSev

RELIABILITY ENGINEERING
RELIABILITY PREDICTION

SECONDARY DISPLAY

@ 85%

DATA SUMMARY

1Kappy

FA&%E RATE

fLan/ea.

KapPL X

tLas./T07| ¢ aa/vor

Al Board

27786 |

A7 Board

-+

1.0 {4,0351}1 =,

1 |10 | - “r_,:ﬂ,aﬁ_i,l_'m page 22
S . S e v o — - - - -y R R ‘ . <
A2 Board 1 1.0 | 6926 | - | .6926 |From page 22
A3 Board | 1 ]1.0 , -8646] . _ | :8646 IProm page 23
L e —— Lt shahends REE ity B - - e o e
Al_Board 1 1.0 {1,0457 § - | 31,0457 {From page 324
A6 Board 1 J1.0. 11,298l | - ] 11984 |From page 8% __ .

49381

e — a w e me [P - e e e - B -
DSl Indicator LED | 1 {10 |1.7u34 [ - | 1.7h34
) DS2 Indicator LED 1 r100 1.8016 [ - . 1.8016 4
| DS3 Indicator LED L |10 [r.7h3L | -
DSk Indicator LED 11 |10 1,806 | -
FLL Filter RFI e 1 |1a0 ] <068 | . | L0681
Cl Capacitor CO 1 1..6"“» .OhSO o | .01;50

-+ 4307034 {Kearfott Sacondary = |
. - o.1.8016 IXearfott Seqoudsry .

wevr - wmwe L R e

From page 30 = |

e e e s

Kearfott Secondary . . |

[Kearfott Secondary . |

Aerovox. R

— - - ~o — v

11 Hdbk 2174

sy . -.{r. > ..r_..-.. P e L T .t oa— _.1

| J1 Connector 18 pin | 1 |1.0 .0162 - 0162 ,WIAHdbk 217A .
R .26
L MISF - 87,984  hre.. |

-—— - ——a— e o . P § - oo :........._-; .- - —— T

IR Re | wodzs|

[T e e s
L.
" G083 9789 -
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NO._ C200095116

— PAGE T
SECONDARY DISPLAY l
SINGER RELIABILITY ENGINEERING ‘ e

REARPOTYY DIVIOION

RELIABILITY PREDICTION

SINGLA-RANERAL PRE0IBION, 0.

LITTLE PALLY NRW JERSEY . o) :". N .
@ 85°¢C T T

E‘ \ FAILURE RATE
" PART NAME © PATIO [k ppp, SOURCE
SR [TV T oy
Al Board SN R SR RS WU W
| Cl Capacitor CKR ,}Q_,},Q~ﬁ,.0008 4= -,*.OOQBN"_ Aerovox j
C2 Capacitor CKR .1011.0 | ,0008 | - _ 1.,0008 _ lAerovox
Rl Resistor RNR —1€.1011.0 ] 0260 | _ - . ].026Q.._IMil Std 199A . —
UL Int, Circuft - .|1,0 [ ..080 | - _ 1,080 |Kearfott
..Ug Int, Circuit —f.=.12.0 10860 1 _-_  1.0860 _[Kearfott
U3 Int, Circuit - _]11.0 | .0860 - .0860 _ |Kearfott
Uk Int. Circuit _=..11.0 | .0860 - .. 140860 Kearfott
U5 Int, Circuit _ - 11,0 4= | 0860 | - _Tgo_e@__i,xwfott
U6 Int, Circuit - 1.0 | .0860 - 1.0860 _|Kearfott
_U7_Int. Circuit - 1.0 ].0860 - |.0860 _ |Kearfott . __ §
U8 Int, Circuit . | - |1.0 | ,0860 | -  |.0860 |Kearfott
Al Circuit Board b~ Jro f.0630 | - ].0630  l9th S)[_mposium ]
| SN (N S S S O
A2 Board S GRS IR S SRR [ S
_Cl Capacitor CKR .10 l.Q .0008 F = .. .4-0008 _ fAerovox |
C2_Capacitor CKR .}.420.11.0 1.0008 1 - . 10008  lAerovox ______ _ . o
Rl Resigtor RNR — . }€.10 11,0 11,0260 | - _ _|.026Q0  |Mil Std 199a _ J
Ul Int, Circuit e e} a0 10860 - L0860 _|Kearfott ... _|
U2 Int., Circuit e} J1.0 ] .0860 ) - [,0860_ |Kearfott i
U3 Int, Circuit e} = J1.0.4.0860 | = lOB6Q . l|Kearfott . . . _ _ _|
ul_Int. Circuit L= _jro t 0860 | - L0860 lKearfott |
US_Int, Circuit femmeq{ = 1.0 | o080 | - 0860 _lKearfott. . .. |
U6 Int. Clxeudt .. ... | - 1.0 }|.0860 - 0860 . [Kearfott : ]
Fu7 Not Used - .- - - - -
‘L U8~f‘rx;:.:.._b-_i;_c:t{i_€— “—“ ] - 1.0 | .0860 . - ..0860 Kearfott
A2 Circuit Board - |0 J.0630 | - L0630 . i9th Symposium
A3 Board 4 | R '
"l Capscitor CKR | .10 1.0 |.0008 | -  |ooo8 |herovox |
{92 Capacitor CKR «10 ]1.0 0008 - LOOOB {Aerovox ]
10083 N9
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NO._C200095116

SINGER

RBARPFOTYY BIVISION

GEARPOTY SiVIOIOD
SINESA-8ENERAL ¢ .
LIPTLE PALLA NEW sERBEY

SECONDARY DISPLAY
RELIABILITY ENGINEERING

RELIABILITY PREDICTION

@85°¢C

PAGE ISSUE A
Sy =A=T

!

l "coe3 A9

D-76

’ TRasq FAILURE RATE
PART NAME TIO |KappL SOURCE
KappPL x -
A3 Board (cont'd) L 'LAD./EA fue./rov tLAB./TOT
ﬁ;uhggsistor RNR __ l<,10)x-0 § .0260] - - -0260 | Mil Std 199A
‘PEQ.§nt.Circuit - 1.0 .0860 | = _1-0860 | Rearfott ]
‘U2 Int. Circuit - 1.0 .0860 - __1.0860 ggggfot;h_____;“__4
U3 Int. Circuit -_jt-0 | .0860 | -~ | 0860 | Kearfott _ _ ,
U4 Int. Circuit | - f1.0 | .0860 | - ].0860 | Rearfott
| US_Int. Circuit ~-_11.0 | /0860 - __.1:0860 |Kearfott
U6 Int. Circuit - 1.0 .0860 - .0860 Kearfott
U7 Int. Circuit - _1.0 .0860 | - ;QEEO Kearfott
U8 Int. Circuit - 1.0 . 0860 - .0860 Kearfott
U9 Int. Circuit - Ji.0 |.o86g¢ | - .0860 | kearfott _ ]
A3 Qircuit Board |- [ll.o | 106301 - |.0630, | sen-Symposium
— N —— s -.§5..4..§. e o
r__-A_lgklioatrcl _ A ] o
P_P.]‘_g_‘!’ac itor CSR ~2201,0 1.0025 | - 10025 SP!Q&“?_._,_._ 1
C2 Capacitor CKR J4.10 1.0 ] .0008 | - _ _{.0008 . _ lAerovox . -]
| €3 Capacitor CKR 4,10 {1.0 | .0008 =..-J0008 lerovox ]
| Cli Capacitor CKR 41011.0.1.0008 | = _ 10008 laewewox . .. _
| C5 Capacitor CKR .+1011,0 {,0008 | - _ 10008 = JAerowox ]
| C6 Capacitor CKR 1..20.11.0 1.0008 | - . l.0008. {erovax .o
CRl Diode e o]%1041,0 | ,029k | - 1.029L  |TRW Elect. A
Q1 Transistor Unijunct, 4-.1-9_,.1’9.-4.'9@6.3__. oz .. 0863 —_ ]
Q2 Transistor NPN {<.10 1,0 |.019L = pOLok ]
Q3 Transistor NPN {410 [1.0 |.0194 | - <0194 ]
_Ql Transistor NPN____ |40 .1.0 1.019L - ,0194 | ]
QS Transistor Unijunct. L L,lO 130_. .0863 - .03§3
Rl Resistor RNR B .10 |1.0 }.0260 - 0260 )
B2 Resistor RiR <10 1.0 |.02%60 | - Lozo
_R3 Resistor RNR ~ ~ 1.10 1.0 [.0260 | - ,0260 ]
_ Bl Resistor RNR ...} <10 |1.0 |.0260 - L0260 )
RS Resistor R | .10 |1.0 |.0260 - L0260
[ { R6 _Resistor RNR 10 J1,0 ].0260 - L0260  Miy std 199 . ]



NO. 200095116
PAGE JISSOE
' SECONDARY DISPLAY
SINGER RELIABILITY ENGINEERING
O et st DICTION
S RELIABILTY PRED
Thasq FAILURE RATE |
PART NAME TI0 [k apeL SOURCE
p ' KappPL X
_ | tvasEa [teassToT| o o
AL Board (cont'd) R SO S
| R7 Resistor RNR | .1011,0 | .0260 |- =~ _ ] .0260 |Mil Std 1994 ]
R8 Resistor RNR .10W 1,0 | .0260 i----:-" ﬁ_,,.;.QZéQ___Hil_w
RY Resistor RNR = | «10}11.0 | ,0260 | . = ] ..0260_ |Mil Std199A _ .|
R10 Resistor RNR | .10 11,0 | L0260 | _ = | .0260 IMil Std 199A
R1l Resistor RNR 110410 ! 020 | - 1. IMi1 Std 199A
F..l—)’l—-fn;:—-a:ircuit 1 : ] 1.ﬁg ‘:-(()lgég— * - + .gggg— Kearfott ]
U2 Int, Circuit - 1.0 | »0860 - . ]_*0860 IKxearfott
U3 Int, Circuit - l11.0 | .080 - ,0860 |Kearfott |
Ul Int. Circuit - 11,0 | .0860 =.._ 440860 I[Kearfott .
US Int, Circuit - 1.0 1,080 | _-. __}.0860._ |Kearfott .. _____ |
| Al Circuit Board o= ] 2001 4Q630 .= . .| 40630 |9th Symposjmm__ . _
S SN SN .T_..... — ,l_"q,_'LS?_ - :
AS Board SV AU ISV U URY SN R ﬂ
Cl Capacitor CKR J -1011.0 1,0008 | - | .0008 |Aerovox _ |
| C2 Capacitor CKR £,10 {1.,0 | .0008 = -4 0008 QVOoX i
C3 Capacitor CKR <.1041,0 1.,0008 | -  |.0008 lAerovoex _____ . . |
CRL_Diode —j¢a0 10 .00k | - _ |,029h [TRW Elect. _ _ |
CR2 Diode 4,10 1,0 | ,029L - .4 <0294 JTRW Elect. . . __ _
CR3 Diode - <.10 11.0 | .0294 - 4 +0294  |TRW Elect. .
CRY Diode e ]e10 1100 f o029 | s .029L _|TBW Elact.. .~ __ _ _|
Ol Transistor NN 4210 12,0 1,009k | - . [.019h  [Fairehild
02 Transistor PNP c0 10 [wosoo |- |Losco fratrensia
Q3 Transistor NPN £.10 |11.0 | .0194 - 0194 _[Fairchild ]
. Rl Resistor RNR _..]«10 [1.0 |.0260 - .0260 [Mil Std 199
| R2 Resistor RNR .10 [1.0 |.0260 - .0260 [Mil Std 1992 *
R3 Resistor RNR . 4£.10 [1.0 ].0260 | - .0260 Mil Std 1994 w
_ R4 Resistor RNR .}~ f1.0 1.0260 | - 0260 _ Mil Std 199: . ___. !
_RS Resistor RNR .10 {1.0 |.0260 - 0260 [Mil Std 1994 4
' R6 Resistor RNR <.10 |1.0 |.0260 | - .0260 i1 Std 199s
[ R7 Resistor RVR .10 |1.0 |.0260 - 0260 Mil Std 199 N

© 008y 389

D-77



NO.

PAGE ISSUE

C200095116

SINGER

KBARNFOTTY SIVISION

4EARPRTY SIVIBION
SINGER-RENEAAL PREBIBION, 1N
LITILE FALLS NEW JERSEY

SECONDARY DISPLAY

RELIABILITY ENGINEERING

RELIABILITY PREDICTION

] 85°C

FAILURE RATE -

PART NAME — SOURCE
' tLas./ea. |tLag/TOT|,
A5 Board (CONT'Q) —_— LAB./TOT.
R8 Resistor RNR 10/ 1.0} .0260 - ..] 0260 | Mil std 199A
| _R9 _Resistor RNR <.1011.01.0260 | - __F‘.ozggh”mug_a;g_lgga______1
R10 Resistor RNR <.10/1.0] .0260 | - ] .0260 |Mil std 1993
R1l Resistor RNR _ <.-1..0T.1_-°.< -0260 | - 1 .0260 |Mil std 199A -
R12 Resistor RNR <10/ 1.0 .0260 | - | .0260 |Mil Std 199A
.. R13 Resistor RNR <.10{ 1.0} .0260 | - | .0260 |Mil Std 19¢A
R1l4 Resistor RNR <.10} 1.0} .0260 - .0260 | Mil std 199a
R15 Resistor RNR <:10/2.00.0260 | - | .0260 |Mi1 std 190a
R16 Resistor RNR <.10{1.0 | - 0260 - -0260 IMil Std 199A
R17 Resistor RNR <.2001.0).0260 | -_ | ,0260 |Mi1 stq 199A |
R18 Resistor RNR 4<+1001.01.0260 | - . _ ! .0260 [Mil Std 1992
R19 Resistor RNR _1<.10]1.0].0260 | - .0260 {Mil std 199a
R20 Resistor RNR ) f .__1.0_‘*.1_'._Q_“_ .0260 | -~ ].0260 [Mil std 199A .
R21 Resistor RNR  |<.10/1.0 |.0260 | -  |.0260_|Mil Std 199A
R22 Resistor RNR |$:2041.0 1.0260 | - [.0260 IMil 5td 199A
R23 Resistor RNR <.10/1.0 |.0260 - ].0260 |Mil std 199a o
" R24 Resistor RNR |<.10f1.0 |.0260 | - f.ogggm4mm1 std 199a 1
Ul tnt. Circwit | - 1.0 J.0860 | - |.0860 |Kearfott |
UQ Int. Circuit - .j1.0 ].0860 | -~ ].0860 JXearfott o
U3 Int. Circuit | - 1.0 |.0860. 1 - .0860 LKearfott' , o
U4 Int. Circuit |- |1.0 |.0860 | -~ ].0860 }Kearfott |
U5 Int. Circuit - 1.0 {.0860 - .0860 |Kearfott
U6 Int. Circuit I-"TioTose0 [ - r.08§Q_AKearfqtt ]
| A5 Circuit Board . |- 1.0 |.0630 | - .0630 {3th Symposmm *
ISy S 4118
AG Board e
cl Capacitor CKR _  [<=10[1.0 |.o00s | - - |.0008 [serovox 4
c2 capacitor CKR__|<s10[1.0 |.0008 | - -0008_ [Aerovox S
' €3 capacitor CKR _ |<.10[1.0 [.0008 | - .0008 |[Aerovox .
' C4 Capacitor CKR o L<.J.0 1.0 .0068 - .0008 Aerovox 4
{ c5 Capacitor CKR <,%0]1.0 }.0008 - .0008 [Aerovox ]
1 0003 A9
D-78 sace 29




NO. €200095116

. PAGE ISSUE B
, \ . SECONDARY DISPLAY | 4
SINGER | RELIABILITY ENGINEERING
e | RELIABILITY PREDICTION
] s 8<%
I _
by FAILURE RATE
PART NAME ' - FA#STKAPPL SOURCE
| fLaB./ea. {fLaAB./TOT :("PL X \
; —— LAB./TOT.
A6 Board (cont'd) P\: Y RV SRR IS S S
| C6 Capacitor CKR j_*(_,;q_,_;_.o 0008 | - _ ].0008 _|Aerovox
| C7_Capacitor CKR E <,1011.0 | .0008 | - __ }.0008 Aerovox
CA Gapacitor CKR 1l«10]1,0 | .0008 | - ].0008 _|nerovox
C9 Capacitor CKR | .10}{1.0 | .0008 | - _ |.0008 _|Aerovox
€10 Capacitor CKR 4] .10 1.0 | .0008 . looos__ Aerovox
ol Trangistor NPN 1<20f1.0 | .019 - .019) _ |Fairchild
Q2 Transistor NPN f1£,10 | 1.0 | 0194 - . |s019L |Fairchild
Q3 Transistor NPN 1e.10]1.0 | .019L - .019L; |Fairchild
Q4 Transistor NPN <.10]1.,0 | .0194 - 1,009k |Fairchild
Q5 Transistor NPN <.,10}1.0 | 0194 -  1.009k |Fairchild
Q6 Transistor NPN _  _  14.10|1,0 | ,0194 |. -  [.0094 [Fairchild
| Q7 Transistor NPN -} %10 ,“1.'..0._“.-.0_9}:.9_1}-‘,L__A_:.. - }:Ql?h.. JFairchild
Q8 Transistor NPN e jee1041.0 L0094 1 - [.019Y4 _ [Fairchild
tor R 1 _..l_o...4,.loQ.,+..,02§Q.-..,_.._‘.-_. . .-0.2(.5..0...-. M%l S 199A
| R2 Resistor RNR .10 1.0 | .0260 - |.0260 |Mil Std 199A
_R3 Resistor RNR .}.-20]1.0 ) 0260 | - [.0260 [Mil Std 199A
| Rl Resistor RNR e} s10]2.0 J 0260 | - ].0260  [Mil Std 199A
RS Resistor RNR 3 "r'-"-!'o"r'l-@"- | 20260 | - ].0260 JMil Std 199A
R6_Resistor RNR e o} #10}2,0 | L0260 | - ].0260  |Mil Std 199A i
R7 Resistor RNR _. | 210f1.0 f,0260 | -  ].0%60 _[Mil Std 199
RS Resistor RNR +10]1.0 | .0260 - |.0260  |Mi1 std 199a ]
.&Bﬂlﬂor RNR .4 J20]1.0 | ,0260 | - .0260 . |Mil Std 199A  _
R0 Resistor RNR____ . | ..10}1.0 40260 - #0260 H‘!}l Std 1994
| Rl Resistor MR | .10]1.0 | .0260 - .0260  |Mil Std 199A
| 'R12 Resistor RNR .10 | 1.0 | .0260 - 0260  |Mi1 Std 199A
| K13 Reststor RNR . | .10)1.0 |.0260 | - 0260 |mi1 std 1994
Ril Resistor RNR | ,10]1..0 | ,0260 | - .0260 _ IMil Std 1994 _ __
RIS Resistor RAR | ,10[1,0 |.0260 | - .0260  IMil Std 199A
 R16 Resiztor WR = ° | «10]1,0 | 0260 | - .0260 Mil Std 199
! R17 Resi.itor RNR .10 | 1.0 | .0260 - l.0260 [Mi1 std 1994

. Goss A8




NO._ 200095116
PAGE ISSUE
' : SECONDARY DISPLAY
SINGER RELIABILITY -ENGINEERING \ €
HBARPOTY BIVIOION o\ .
i RELIABILITY PREDICTION
EI FAILURE RATE
PART NAME © PATIO |k ppp SOURCE
KapPpPL X
| tassea |tiansTor|, L
A6 Board (cont'd) R . — SN &
_'_318 Resistor RNR T --104 .lo.%rggi@ﬁ- o= __.} .0260 _{Mil Std 1994 |
R19 Resistor RNR 210130 | .0260 = . }..a0260 i1 Std 1994
R20 Resistor RNR | .10f1.0 | ,0260 | - | .0260 |Mil Std 199A
R21 Resistor RNR | .10)1.0 }.0260 | - _ | .0260 ]Mil Std 199A
. R22 Resistor ENR +1011.0 | .0260 | - _ | .0260 [Mil Std 1994
R23 Resistor RNR .10 |1,0 | .0260 - .0260_ IMi1 Std 199a
R2l; Resistor RNR .10 |1.0 | .0260 = .} 0260 IMi1 Std 1994
R25 Resistor RNR .10 11,0 | ,0260 = 1.0200 IMil Std 1994
R26 Resistor RNR 210 11,0 | ,0260 - 20260 _ IMil Std 199A
R27 Resistor RNR 210 11,0 |.0260 | - __|.0260 [Mil Std 199A _
R28 Resistor RNR e} 0101100 1.0260 | - | ,0260  IMiL Std 199A . _
R29 Resistor RNR 1..2011.0 l.0260 | _- __}.0260._
R30 Resistor RNR el 020.12,0 [,0260 1 - 0260 _ L
R31 Resistor RNR T_A__.].Q.*I.QN.<T..0260__.-,.__..-.. . Std 1998 . ___..
"'R32 Resistor RNR .10 |1.,0 |.0260 - 9A . . ..
CR1 Diode €,10 11,0 0294 | - —
| CR2 Diode <.10 11.0 }.0294 | - _ |,0294  {'RW Elect. _ _
CR3 Diode Je.20 )30 J.029h ] - ] - -
R33-Resistor RNR —m vf. 10 1.0 1.,0260 | - - -
R34, Resistor RNR o) 410 11,0 1.0260 | - ———
A6 Circuit Board —}= 1.0 ].0630 = .. ..1«0630 __Pth Sympogium . ___ . -
A7 Board —_———t ) L
Cl Capacitor CSR e | ob? N0 0108 | -
| C2 Capacitor CKR <10 1.0 [.0008 | -
C3 Capacitor CSR ._‘_ <.45 h.o |.0076 S
'Ol Capacitor CKR _ |«.20 [1.0 ].0008 | - I
' CS Capacitor CKR .....J¢0 Qoo |.o008 -
GO Capacitor CSR _ __  '{.63 l.o [.0225 | -
| C7 Capacitor CSR .50 b.o l.oog - i

0003 39
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NO. (200095116
PAGE ISSUE A
o SECONDARY DISPLAY
SINGER RELIABILITY ENGINEERING
HNEARPOTY OIVISION
s S RELIABILITY PREDICTION
PRESH FAILURE RATE
PART NAME * F‘TIO KaPPL SOURCE
fLaB./ea. [fLAB./TOT :‘A”L X
— LAB./TOT.
A7 _Board (cont'd) JES SRRTURS R G - e
_CP Capacitor CSR *»_;‘93.’1’_!:.0 .0258 4 - 1 0258__ |Sprague R ]
C9 Capacitor CSR .63 { 1.0 | .0258 1= _ | -0258 |sprague
C10 Capacitor CKR _}<.20]1.0 | 0008 | - | .0008_|Aerovox ]
Cll Capacitor CKR £.1011.0 | .0008 | - | .0008 |Aerovox
_ C12 Capacitor CKR _1¢.10] .?:°9..-+._'.999..8.._M-_:-_._A_.F._'.9998 Aerovox
Cl3 Capacitor CKR <,10]1.0 | .0008 - .0008 |Aerovox
Cll Capacitor CSR 24]1,0 | .0031 = . ]_+0031 |Sprague
Cl5 Capacitor CSR 2h11,0 | .0031 - .0031 |Sprague
C16 Capacitor CSR .50 1.0 | .0105 - 1 ..0105 |sprague
Cl7 Capacitor CSR 60110 | 0224 | - | .0224_ |Sprague
GRL Diode e} e10 1,0 | 0277 | - -0277 |TRW Elect. _ ]
| CR2 Diode 4 20)1,0 1.0277 | - 1 .0Z77 |TRW Elect. ]
|_CR3 Diode —44€d04 2.0 | 0294 1= 0294 _ | TRW Elect.
CRL Diode |4.1001,0 | (0294 | - | .029L4 |TRW Elect,
_ CR5_Diode .2011,0 | .00k | - | .OkOk |TRW Elect. ]
__CR6 Diode 4. 2201 1.0 L.OWOL |} - ﬂ.,-015914_...1._‘1'_11_‘{-3_102&;_-.-..__ . 1
CR7 Diode ———.}f.10110 f,0294 | - | .0294 |TRW Elect, = )
CR8 Diode J¢.10]1.0 | o029} - | .029L4 |TRW Elect. ) ,ﬂ'
|-CB2 Diode e - }%410 12,0 | 5029 . - | «0294 | TRW Elect. - ]
CR10_Diode - -)¢.1011.0 | 0294 | - ]| .0294 |TRW Elect. = |
| FLL Filter RFI =110 | .0681 - | .0681 [Aerovox ]
| FL2 Filter RFI ] - |10 }.0681 | - 0681 _lAerovox = _ |
FL} Filter FI_ | - [1.0 } .068L - | .068L |Aerovox 4
| Py Filter RFL | - |1.0 |.0681 | - | .0681 [Aerovox
| FLS5 Filter RFI - 1.0 | .0681 - 0681 |Aerovox
FLOFilter FI___ | - |10 |.068L | - | .068 aerovex ]
- FLI Filter RFI = | = |1l.0 ] .0681 - .0681 _JAerovox
_ FL8 Pilter RFI o] - |10 | .0681 - «0681 |Aerovox
cWonoke .. - |10 }.0666 | - .0666 |RADG
= 12.0 | .0666 = L0666 |RADC. —_

L
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PATE TR
- SECONDARY DISPLAY S 4
SINGER RELIABILITY ENGINEERING ihe #
ey ITY PREDICTION N
e R RELIABILITY PR [N
TRasY FAILURE RATE "
PART- NAME ' F‘TIO KappL SOURCE
___1tLas/ea. |fLae/TOT :‘&:"To:
A7 Board (copt'dd L. .4 1l L.
L3 Choke = 11,0 | ,0006 | _=__ ] .0666_]|RADGC )
Lk Choke - 11.0].,0666 | - | .0666 |RADC
L5 Choke o410 ] 20666 | - ] 0666 |RADC ——]
QL Transistor NPN Pwr. .25[1.0 | 1260 | - _ | .1160 |Mil Hdbk 217A
| 02 Transistor PNP i _1[1 410 | 21310 | - | .1310 [Fairchild
Q3 Transistor NPN 124 11,0 | L0505 - .0505 | Fairchild
Ql Transistor NPN Pwr, .25]1.0 | .0190 - N 9_199_ | Mil Hdbk 217A
Q5 _Transistor NPN_Pwr, .2511,0 | .1160 - 01160 |Mil Hdbk 217A
Q6 Transistor NPN 0] 1.0 | .0185 - | .0185 |Fairchild
Q7 Not Used = - TR . I .S -
Q8 Transistor NPN | +10 11,0 |.0185 - 0185 Faimhud —
Q9 Not used 0 - S B ad Y SIS NUUD SUPU-JONU B, : ]
QLO_Transistor NPN J..10f1.0 | .0185 1. L0185 _ Falrgh.i_.lg_“-.;
Rl Resistor RNR 21011.0 {0200 | -} .0260  [Mil Std 199A _ |
_R2 Resistor RNR ¢.10]1.0 | .0260 - | +0260 |Mil Std 1994 ]
R3 Resistor RNR _ .. 20]1.0 [.0%60 | - _ |.0260 |MilStd199A ,
R4 Resistor RNR . |¢:2012.0 0260 | - ]| .0260 [Mil Std 199A _ !
R5 Resistor RNR J¢.1011.0 [ .0260 | - | .0260 |[Mil Std 199A .
R6 Resistor RNR e oje020|1,0 J ,0260 | - | .0260 [Mil Std 199A gy
R7 Resistor RNR . _jeaolr0 | .0260 [ - | .0260 |Mid std 199a . _ _ _|
R8 Resistor RNR <,1011,0 } 0260 | =~ ] .0260 [Mil Std 1994 __ __ _ __
R9 Resistor RNR <,10}1.0 | .0260 | = -026.0,._@{1143%11_.199& e
|-R10 Resistor RNR ___ _ L W17 |1.0 | .Q282. - . «0282 _|Mil Std 199A .
R11 Resistor RNR 15 1.0 |.0355 - .0355 |Mil Std 199A
"R12 Resistor RNR T aslo e | - .0271 |Mil Std 1994
~—R~1‘3HR;;;.'9.£6.;'R-NR T <.10 {1.0 | .0260 | = |-0%0 [Mi1std 199
R1l Resistor RNR N .1o ]1.0 |.0260 [ - .0260 |Mil Std 1998
1 R15 Resistor RNR 1 ,ho 1.0 |.0350 - 0350 Mil Std 199A 1
RL6 Resistor RNR " [«.10 [1.0 .0260 - 0260 111}_3td__]_.99A ‘
[ R17 Resistor RNR £,10 11,0 | .0260 - .0260  [M11 sta 1994 N

| 0083 A0




NO. C200095116
PAGE
SECONDARY DISPLAY
SINGER RELIABILITY ENGINEERING
HEARPOTY BDIVISION
e S RELIABILITY !’REDICTION
@85¢C
TRESS FAILURE RATE
_ PART NAME TIO [KappL . SOURCE
fLas./ea. [fLaB./TOT :‘"PL X
PR LAB./TOT.
A7 Board (cont'd) — - —_
| R18 Resistor RNR £.10]1.0 | 0260 | - | .0260 |Mil Std 199 ]
| R19 Resistor RNR .10{1.0 | .0260 - 1. .0260 _[Mil Std 199
| _R20 Resistor RCR 2] 1,0 | 0106 - ].0106 |ui1 std 1994
r.RLl_Be_Sngtor RNR | 214 }11.0 | L0272 | - _ 1 .0272 IMil Std 199A
| R22 R_qﬂ.m:.m__._._. }4.2011.0 | L0260 | - _ 1 .0260 [Mil Std 199A
R23 Resistor RWR £.,10]1.0 | .0009 - .0009 |Mil Std 199A
R2L Resistor RNR £.10|1.0 | 0260 - |..0260 |Mil std 1994
R25 Resistor RNR .1011,0 | .0260 - 0260 |Mil Std 199A
_R26 Registor RCR .24 [1,0 | .0106 -] .0106 |mMi1 Std 199a
R27 Resistor RNR +1b]1.0 | .0272 ...} +0272 [Mil Std 199A ]
R28 Resistor RNR ~..}.+10}11.0 | .0260 | - 0260 |Mil Std 199A |
|_R29 Resistor RNR J¢.20]1.0 | L0260 | - ] .0260 [Mi1 Std 199a ]
| _R30 Resistor RWR v 4©.1011.0 | .0009 + - «0009 _ |Mil Std 199A = J
| R3)1 Resistor RNR 12110 1 ,0260 1 = . | «0260  |Mil Std 199A |
_ R32 Resistor RCR .13}1.0 | .0008 - | 0008 |Mil Std 199A |
B33 Resistor RCR +1311.0 | .0008 | - _ r-’0995“"“‘!9-1-5;3’4—1—22‘“_“ w
R34 Resistor RNR 210}11.0 | .0260 | - _ | .0260 |Mil Std 199A _ !
Tl Transformer L= ]1.0 ] 0666 | - | .0666 |RADC N o]
| Ul Int, Circudt I - 11,0 | ,080 | - 1 .0860  [Kearfott ,
U2 Int. Circult o) = fro l.0860 [ - |.080 |fearfort |
VRL Diode zener £.10[1.0 | .1273 - | .1273 [Dickson |
VR2 Diode zener _Jee 1010 | L1273 | - .1273 |Dickson L
| VR3 Diode zemer . ... 1¢.10}1.0 |.1273 - .1273 _|Dickson
VRL Diode zener ] +30|1.0 | 2277 - «2277 |Dickson
VRS Diode zemer .30 [1.0 | .2277 - .2277 |Dickson
[A’IAL. Circuit Board — = |10 [.0630 | - | .0630 |9th Symposium q
'__A7A2 Circuit Board —4 = 1.0 1.0630 { - 0630 _ |9th Symposium _
_ ATA3 Circuit Board 1 - 1.0 | .0630 - +0630 |9th Symposium 4
AJAL Circuit Board ~_ -. |1.0 | .0630 - _+0630 |{9th_Symposium
[ 4.0351 N

coe3 /89
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NO.
PAGE ISSUE

C200095116
_A

SINGER

REBARPOTY DIVISION

agARroOTY DiviGION
SINELE-SRNIRAL PRESIBION, K.
LITTLE PALLS BRW JaROSY

FOUR DIGIT DISPLAY
RELIABILITY ENGINEERING

RELIABILITY PREDICTION

@85°C
PRESA FAILURE RATE
* PART NAME | FATIO KappL SOURCE
¢ ¢ ToT KappPL x
— | '.AaB/€A. | TLAB./TO tLaB./TOT.
Al Board 1 la.of .7786) - |..7786 |From page 32 -
...... .~ qr U S -4 —— e ——— e .
A2 Board 1 _1__.]._.0 6066 - 1 .6066 From page 32
A3 Board 1 [1.0 ) .7374( - _ |.7374 |From page 34
—— __'..,‘L B T T - ._.1,_._....._
A4 Board 1 _11.0 ] .8352| -~ .8352 |From page 34
SO CUNSI FONNR N S U —
A5 _Board 1 _11.0 {1.4118) - _ .1.4118From page 35
A6 Board not used i L L _._- S
- T U U . . i e s en o + e + e s 7+
A7 Board S 2.0 14.0351 4 - 14.0351 From page 39
. - - oo i - Bl el N g e mr——— PR
DS1 Indicator LED | 1 3:0.41.7434 ] - ]1.7434 [Kearfott Secondary
_DS2 Indicator LED 11 r;_,_g_' }1.8016 | =~  11.8016 |Keaxrfott Secondary.
DS3 Indicator LED |1 —43'19-,-4}- 7434 | - 11.7434 |[Kearfott Secondary
D§4 Indicator LED 1t 1.0 j1.8016 | -  11.8016 &(earfott Secondary
FL1 Filter RFI .11 Jp.0 | .0681 ) - 0681 Aerovox ——
Cl Capacitor CQ 1 .0 | .0450 4 - .0450 | Mil Hdbk 217A
J_}_Qgrlnector 18 R n_ rl“ 1.0 .0l162 | - .0162 | Mil Hdbk 217 A
e e 15.6240 ‘
L_._ —_— 1 _M'I‘BF z-64 004 hrs,
\ ——— —— el e s e g . SEPVE S— - e ——
- . R =} .9844] -
B e E I 1 .
L. —_
D

D-84




NO. C200095116
PAGE - ISSUE A

: FOUR DIGIT DISPLAY | _ 7&'
SINGER RELIABILITY ENGINEERING

KBARPOTY BIVIOION

cuarars smae RELIABILITY PREDICTION

AINGER-SERERM PROOISION, INC.

LITLE AL BAW JERSSY g e 85°C ' . ~_ ... '_

Thisq FAILURE RATE
PART NAME © PATIO |Kppp SOURCE
¢ ¢ T KapPL X
—— LAB./EA. | TLAB./TOT fLa8./TOT.
Al Board R ;-.mu;__*___.F,_MM"m4-mW-_.«_
Cl Capacitor CKR .1011.0 -0008} -~ 1.0008 jAerovox )
C2 Capacitor CKR .10[1.0 | .ooo8| - .0008 |aerovox
R1 Re51stor RNR <.1041.0 .0260 - .0260 jMil Std 199Aa
Ul Int. Circuit 1.0 .0860 - _.0860 Kearfott
/U2 Int. Circuit .- J1.0 | .0860f - _ ].0860 |Kearfott
U3_Int. Circuit - §1.0 | .0860 - .0860 [Kearfott
U4 Int. Circuit - 1]11.0 .0860 - .0860 |Kearfott
——t e _4.,...-..; — PN P e ——
Hgi;p;. g;;cuit - 11.0 .0860 - .0860 |Kearfott
U6 Int. Circuit - 1.0 .0860 - _1-0860 [Kearfott
U7 Int. Circuit - (1.0 | .0860 - .0860 |Kearfott
U8 Int. Circuit e _l.Q¢4“ﬂ9850__”_; {.0860 Kearfott = |
Al Circuit Board 1 - qu_ .QG;O_ w:'WN.:9§§Q_ gth Symposium ]
e N 2 — 7786 _ . o ]
A2 Board ~ 4. b e ] e b s o]
. €l Capacitor CKR 10110 | 0008} - . 1-0008 lAerovox . |
C2 Capacitor CKR | -10f1.0 [ .0008 - |-0008 |Aerovox _
RL Resistor R L.10[1.0 | .0260| - |.0260 |Mil std 199 |
Ul Int Circuit oz 2.0 | .0860)] - ].0860 |Kearfott ]
U2 Int. Circuit == - ]1.0 | .0860 ] -~ .0860 |Kearfott _ ]
U3 Int. Circuit = | - |1.0 | .0860| -  |[.0860 |Kearfott —— ]
U4 Int. Circuit '_*_":"41.0‘ _.OBGO.F_ -~ |-0860 [Kearfott
U5 Int. Circuit - |1.0 | .o860 - .0860 |Kearfott i
_.4 - - L .. . . - - PORON S - PR Cm— e -
U6 not used — 1 - - - - - -
| U7 Not used 1 - - - - - -
gg_Ipt. Circuit . - 1.0 .0860 - .0860 |Kearfott
A2 Clrcu:Lt “Board - 1.0 | .0630 |- .0630 [9th Symposium 1
e e . .6066 .} __ . . J
:A3 Board o] . ‘ L
T Ul Int ¢9£593i3,~A. : - 1.0 .08601L - +0860 Kgapfqgt ﬁ
[UZ Int. Circuit - 1.0 . 0860 - .0860 | Kearfott ]
10083 M9 =
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NO. C200095116

PAGE ISSUE

A __

SINGER

KBARPOTYY SIVIBION

AEARPOTY BiVISION
SINARR-0ENEAAL POBRIBION, INF.
LITTLE FALLE NBW JEROSY

FOUR DIGIT DISPLAY

RELIABILITY ENGINEERING
RELIABILITY PREDICTION

@ 85°C
F‘rm FAILURE RATE A
PART NAME - PATIO |KpppL SOURCE

A3 Board (Cont'd) ___|fiasvea. |fLas/ToT :‘L'::.’/Lm’;

U3 Int. Circuit __L-_lro] .0s60] - |.0860 [Kearfott

| C1 Capacitor CKR J.1str.0 | o008 ] - f.0008 lrerovox |

C2 Capacitor CKR_ 12 1.0 .0008_%__‘ - _.]-0008 |Aerovox

C3 Capacitor CKR .12°11.0 | .o0008 - .0008 |Aerovox

C4 Capacitor CKR <. fO 3.0H ooos| - .0008 |aerovox

G5 Capacitor CKR _:<_'1_0 12‘1 .0008) -- 1.0008 |Aerovox

C6 Capacitor CKR <.10}1.0 .0008 - .0008 |Aerovox

C7 Capacitor CKR <.10{1.0 | .o0c08 - _|.0008 [aerovox

Rl Resistor RNR <.1011.0 .0260 - .0260 [MIL STD 199A

R2 Resistor RNR 31011.0 .0260 - _1-0260 |MIL STD 199A

R3 Resistor RNR <.1011.0 | .0260, - ]1.0260 |MIL STD 199A

R4 Resistor ERNE ~ < 10 1',9..1; 0260 - .0260 [MIL STD__]'.Q_?.I_L_________ :

RS Resistor RNR <.101}1.0 .0260 - .0260 |MIL STD 199A

R6 Resistor RNR —"}<‘.—1~0:*i';bm --..:62—.6(—)?: R 0260 |MIL STD 199a* |
| g7 Resistor RNR <.3011.0 1 ..0260 0 = .0260_|MIL STD 199 |

“R8 Resistor RNR <.10]1.0 .0260 - .0260 [MIL STD 199A

'R9 Registor RNR <.10|1.0 | 0260 | - |.0260 |MIL stp 199a
R10 Repletar miR | 2080 | ,0260| -  |.0260 pwL swo 199m |
R1l Resistor RNR ]%.10J1.0 j .0260 | - .0260 |MIL STD 199A ]
| LI__Choke ——— T J2.0 | .0666 ) - -0666 [RADC - -4
| Q1 Transistor NPN +1011.0 1 .0194 | - | .0194 MFaJ.rchlld —_ ]

Q2 Transistor NPN <.101]1.0 0194 - .0194 |Fairchild .

Q3 Transistor NPN _fc-10]1.0 | .0194 - .0194 [Fairchild - N

A3 Circuit Board _ - (1.0 | .0630 - .0630 |9th Symposl_um
b e s e e e et = o .7374

LR |

Cl Capacitor CSR <20 1]1.0 _ .00_2‘5 | |- 0035 .+S1_>rague__
“C2 Capac:Ltor CKB_ . < .1.0”. 10 0_908 - .00_08_ Aerovqf

’ €3 Not used . N - - | - T

4 capacitor KR K.10([1.0 | .0008 | -  |.0008 [rerovox |
[ c5 capacitor CKR .10 J1.0 | .0008 ]| - .0008 |Aerovox

10003 ”e9 - -
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NO. €C200095116
PAGE ISSUE _ A
FOUR DIGIT DISPLAY
SINGER RELIABILITY ENGINEERING
KEARPOYY BIVISION
e faaeer amsan RELIABILITY PREDICTION
LITELE PALLA wOW sEBESY @ 850 C
TREsq FAILURE'RAIE
PART NAME © PATIO [k appe SOURCE
' KAPPL X
A4 BOARD (Cont'ad) ___|fuas/ea. tLaB./TOT fLaB /TOT.
Cé6 Capacitor CKR .10]1.0 .0008 - F0008 Aerovox
S PV OO R SV oo m— - g
CR1 Diode <.10]1.0 | 0204 [ - 0294 |TRW Elect. |
Q1 Transistor Unijunct.|<.10]1.0 .0863 - .0863 Mil Hdbk 217A
Q2 Transistor NPN <.10|1.0 ___.01_9_4‘_ ] .0194 |Fairchild
Q3 Transistor NPN <f;9.l;9_,m19l2§$“_:m-_-q10194 Fairchild
Q4 not used - 1- - - - -
| W ] [ i
Q5 not used -1 - - - = -
Rl Resistor RNR <.101.0 .0260| - ].0260 |Mil Std 199A
R2 Resistor RNR <.10]1.0 .0260] - .0260 |Mil std 199a
R3 Resistor RNR .101}1.0 0260 - .0260 IMil std 199A
R4 Resistor RNR j-10J1.0 | 02604 - }.0260 IMil Std 199A -
R5 Resistor RNR -101.0 -0260 | - .0260 Imi1 std 199a
R6 not used I O A _ _ _ T 7
S L R TR S o R - —— -
R7 not used - - - - T - )
- ooy PR S8 - - —— .- —-— —— — s e
R8 nOt used -.. . :_ .4,. - ._:. -t .__-: -4 .. - _.,_.-_.._ - -
R9“ not used - - - - - - R
| R10__Resistox RNR . M-JQ“RQQ“+JQ2§Q-~_ﬁ:~ -.}.0260 Mil Std_199A .
R1ll Resistor RNR .10]1.0 |.0260 - AJ.0260 Mll Std 199K 1
- bty plidienntns penifinsaniteemntri Sthiutenns - T T PR T 1
91 Int. Circuit [~ Jr.0].0860 [ - ].os60 gott
U2 1Int. Circuit - Ti.0 [.o860 - .oaso Kearfott i
U3 Int. Circuit - j1.0_1.0860 | - LQQQQWq_Kggzigst__."4_“___-
U4 Int. Circuit - ﬂ}.0 .0860 | =~ “r,0860 .| Kearfott .
U5 Int. Circuit - (1.0 | .0860 | - -0860 | Kearfott N
A4 Circuit Board - 1.0 .0630 - -0630 | 9th Symp051um
- ‘ oo 1
— ) -8352
AS Board |
Cl Capacitor CKR - -10}1.0 | .0008 | - -0008 | Aerovox . ]
' C2_Capacitor CKR ___ __[<.10]1.0 [ .0068 | .- -0008 _} Aerovox ~_  ___ _
iCB‘Capacitor CKR <-ap .o .0008 | - .0008 | Aerovoc =
' CRl Diode_ . K.lo0l1.0 '02941” - .0294 | TRW Elect.
[ cr2 Diode <.10|1.0 | .0294 | - .0294 | TRW Elec. |

" 008y 89
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NO.C200095116
PAGE 1ISSUE _ A

FOUR DIGIT DISPLAY

SINGER RELIABILITY ENGINEERING

NEARPOTY SIVIOION
s SR A | RELIABILITY PREDICTION
@ 85°cC
'r FAILURE RATE
PART NAME ' ?%gﬁK,AppL : SOURCB
___|tras/ea jtLas/ToT :&T/Lro:

A5 Board (Cont'd) | o O R

CR3 Diode ‘ <-~lo_. l:o_ﬁ'_gge_ér ..'_.__.._.*..,‘-029,4“...% TRW Elect. 4
CR4 piode <.1011.0 { .0294| - | H9__294. TRW elect.

Ql Traneistor NPN <.10|1.0 | .0194| - .0194 | Eairchild

Q2 Transistor PNP —“T< 10 -1*.'0—”1 '.’5-566_‘?-':—_““_":.(')‘500 Fairchild
| @3 Transistor NPN _1:_..1,0 1.0 ( .0194 e _.1:0194 | Fairchild.

Rl Resistor RNR - <.10]1.0 | .0260 ] - .0260 | Mil Std 199A

R2 Resistor RNR <.10]1.0 | .0260 | - .0260 | Mil Std 199A

R3 Resistor RNR <.10f1.0 | .0260 | - ﬁ.ozso Mil Std 199A

R4 Resistor RNR <.103.,0 | .0260 | -  [.0260 | Mil std 199A

RS Resistor RNR <10fi.o 0260} - T.0260 [mil std 1994 |
Re;Resistor RNR _ [<.10f1.0 | .0260 | - - 0260 %ﬁ£¥,§sd_l92é_____ ]
R7 Resistor RNR . . jce10fr.0 | L0260 - |.0260 [ Mil Std 199
R8 Registor RND e ffe2041.0 1 .0260 L. - }.0260_| Mil Std 199A |
R9_Resistor RNR <.10.1.0 | .0260 ( - = (.0260 | Mil Std 199A
"R10 Resistor RNR <,10 1.0 | .0260 - _1-0260 Mil Std 199A _
R1l Resistor RNR ..Q-&Q-F_-.E.. }.:0260 ) -  1.0260 | Mil std 199A =
R12 Resistor RNR - _ l<.1001.,0 | .0260 | - |.0260 |Mil sta 199a

R13 Resistor BNR fc.101.0 | 50260 | - ].0260 |Mil Std 199A

R14 Resistor RNR  [<.10 1.0 | .0260 | - = {.0260 | Mil Std 199A
R15 Resistor RNR _ [<.1041.0 | .0260 | -  |.0260 |Mil std 199A |
R16 Resistor RNR _f-10f1.0 | .0260 | - __..L7.9_26°_..4 Mil Std 1994 |
R17 Resistor RNR _Jc-1:0p.0 } .0260 - -0260_ | Mil 8td 1%9Aa |
R18 Resistor RNR__ . [<.10J1.0 | .0260 | - .0260 | Mil 8td 199A

r-R19 _Resistor RNR k.10 (1.0 | .0260 | - .0260 | Mil std 199A

_R_z_g_ Resistoo RNR <.10 1.0 [ .0260 | - .0260 | Mil sStd 199A

R@1 Resistor RNR <.10 [1.0 | .o0260 | - .0260 | Mil std 199a

"R22 Resistor RNR : _'"_'<'.‘1o"1.o_; .0260 | -  ].0260 [mi1 std 199a
' R23 Resistor RNR mﬁg,lo 1.0 | .0260 | - .0260 %M1¥_$55ﬂ_;99A_ 1
:rgg‘;__ Resistor RNR ~~~ "K.1011.0 | .0260 | .0260 | Mil std 199a
\Soer ="




PAGE 1SSUE A

FOUR DIGIT DISPLAY

SINGER RELIABILITY ENGINEERING
NAARPOTYY SIVISION
s S SRS REI.IABII.I;YS;!E:EDIBTION
Tﬂﬂsq FAILURE RATE :
PART NAME " F‘TIO KappL SOURCE
. fLap./€a. [fLAB./TOT KAPPL X
A5 Board (Cont'd) —— fLas./TOT.
Ul Int. Circuit - .. 11.0 4__:‘(_)_8__6_'0 = . ]-0860 | Kearfott
U2 Int. Circuit - 1.0 .0860 - .0860 B Kearfott
(U3 Int. Circuit B *»1 0 | .0860] -  |.0860 | Kearfott
U4 Int. Circuit 1l-_]¥.0 | .0860] -  |.0860 | Kearfott
US Int. Circuit | - 1.0 | .0860]| - __|.0860 | Kearfott
| U6 _Int 1. _‘_1'._(_)__‘_# .0630f -  1.0630 | 9th Symposium
S L4118 | _
| Ab Board not used - = = i et -
A7 Board e o
Cl Capacitor CSR ¢] -47[1.0 | .0104| -  [.0104 | Spragure
C2 Capacitor CKR A 10 1,0_ | . 0008 - .0008 Aerovox
C3 Capacitor CSR K‘_ _45«,}3_9_“1--:_997_5_ | - ].0076 | sprague )
C4 Capacitor CKR o fc-10]41.0 4 .0008 | T -0008 | Aerovox
C5_Capacitor CKR _[cea0]io | .oees] - |.0008 | seroyos ——
C6 Capacitor CSR .63{1.0 | .p225| -  1.0225 | spraque |
| C7 Capacitor CSR - S041.0 | .0105 ] = [.0105 | Sprague N
,..CB Capacitor CSR — ._§'§__Jf_._(’_)_«’__._q_2__5_§ T _4..::,40.2_.-5..8 {.Spraque___ _
C9 Capacitor CSR .63]1.0 .0258 | -  §.0258 | sprague
C10 Capacitor CKR <.10{ 1.0} .0008 - .0008 | Aerovox
C11 Capac:.tor CKR <1010 o008 | = .0008 | Aerovox
Cl2 Capa01tor CKR <. 10}_@,_9% _()_(_)_(2_94-:-“0008 Aerovox
Cl3 Capacitor CKR <.10{ 1.0 0008 - .0008 | Aerovox
CI4 Capacitor CSR a AT o0t T T T T Y00 Sprague
.015 Capac1tor CSR _0.-“;__2:.411':6-+ 0031 e MP*.'(.).OZ;I Sprague
C16 Capacitor CSR .56 1.0 .0105 - _+0105 | sprague
Cl17 Capacitor CSR ~66-16 .0224 - 0;22 Sprague
CR1 Diode .10/1.0 | .0277 - .0277 | TRW Elect.
'CR2 Diode J1001.0].0277 | - |.0277 | TRW Elect.
CR3 Diode _.}5-10{1.0[.0294 | - = | .0294 |ERW Elect
{CR4 Diode < 10 1.0j.0294 | - | .0294 |TRW Elect
Too8d e ..
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PAGE ISSUE™ X

IFOUR DIDIT DISPLAY

SINGER RELIABILITY ENGINEERING
MHEARPOTYY BSIVISION
s LSS e REI.IABI:!?SOI:REDICTION
Tresd FAILURE RATE
PART NAME ' F‘TIO KapPL SOURCE
tLaB./€a. |fLaB./TOT :‘ APPL X
v o LAB./TOT.
A7 Board (cont'd) . L N
CR5 Diode .:20§1.0 | .0404 | -~ .-0404_|TRW Elect = == |
CRE Diode | 20|30 0a0a T 7" " .0404 [wrw Elece” = ]
CR7 Diode <.10/1.0 | .0294 - ] .0294 |TRW Elect.
CR8 Diode <.10{1.0 [.0294 | - | .0294 [TRW Elect ]
CR9 Diode 1 <-.1.°}1.’_‘9.:'9??i | - | .0204 [TRW Elect ]
CR10 Diode [<1o[10 [ L0294 .= ].0200 | TRW Elect _ o
FL1 Filter RFI - 1.0 | .0681 - .0681 |Aerovox
FL2 Filter RFI ] - |ro].eesr | - |.0681 [Aerovox I
[FL3 Filter RFI - 'V}'."'d";_."d"sé'i f" - :_.gg_g; Aerovox |
FL4 Filter RFI [ = i ooser [ = [Losel [merovex |
FL5 Filter RFI o - ]1.0[.0681 - -0681 |Aerovox
FL6 Filter RFL L ~. |1.0 | .0681 - .0681 |Aerovox
FL7 FPilter RFI * - 1.0 | .0681 - .0681 |Aerovox
[Efg inféfukfiwuml;"i - 1.0. 068} - <F.Q§§l_L§§rovo§_“4_ :
'L1 Choke ] .- J1.0].0666.| - -0666 |RADC . |
L2 Chake -..|1.0 1.0666 | - -0666 {RADC.
L3 Choke | -_.]1.0 |.0666 | .- |.0666 |RADC )
L4 Choke - (1.0 |.0666 - .0666 |RADC
L5 Choke Z"T1.0 |.o666 | - |.0666 |RADC
Q1 Transistor NPN Pwr. .55 igé:Léiiéé" m;i::_j;?flEO«’Mil Hdbk 217A
Wgz‘Transistor PNP __#1{%}“;:qu:9§22_ - - 0505 [Fairchild
Q3 Transistor NPN .124'1.0 ].0190 - +0190 |Fairchild
Q4 Traensistor NPN Pwr 2511.0 |.1160 - .1160 |Mil Hdbk 217A
Q5 Transistor NPN Pwr. 25]1.0 |. 1160 - ].1160 [Mil HAbk 217
Q6 Transistor NPN ,I0|1.0 | .0185 - _1.0185 Fairchild
Q7 Not used S N S T I B B
| Q8 Transistor NPN | ,10j1.0 |.0185 | - .0185 _Falrchlld ]
Q9 Not used - - - - - - | '
Q10 Transistor NPN | <ibmi 0 0185 | - . 0185 |Fairchild T
-
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SING

KPARPOTYY BIVIGION

ARANPOTY BIVISION
GINGER-SENIAAL PRESISION, 1.

FORU DIGIT DISPLAY
RELIABILITY ENGINEERING

RELIABILITY PREDICTION

LITILE PALLE WA JBROSY @ 8 50 c
_— FAILURE RATE
PART NAME TIO |KappL ‘SOURCE
fLas./EA. |fLAB./TOT ,K APPL X
— LAB./TOT.

A7 Board (Cont'd) IS FSS SRS R B e
[ Rl Resistor RNR L10[1.0_ ._93_6_(_)___[____ | .0260 |Mil std 199A
'R2 Resistor RNR <.10[1.0 |.0260 | - .0260 [Mil Std 199a

R3 Resistor RNR 10/1.0 |.0260 | -  [.0260 |mil std 199a |

R4 Resistor ENR T<10[1i0 [0260 | = |.o260 |Mii sea 199a
[R5 Resistor RNR <10(1.0 [.0260 [ = ~|T0260 |Mil sta 199a |

R6 Resistor RNR T<Tofro [-o2e0 | = " '[.0260 |Mil std 199A T

R7Resistor R - |<.10]170 J.o260 | - [.0260 |mil sta 199a ~ ]

R8 Resistor RNR <,1071.0 [.0260 | = .0260 |Mil std 199A

RO Resistor RNR <.10]1.0 [.0260 - " [.0260 [Mil std 199a ]
TR10 Resistor RNR 1 .17]106 [.0282 - .0282 |Mil std 199" n

R1l Resistor RNR _ | .45]1.0 |.0355 | - .0355 |Mil Std 199A N
| R12 Resistor RNR [ .13]1.0 [.0271 | - .0271 [Mil std 199a
| B3 Resistor RNR _  |<.10/1.0 }.0260 | - .0260 |Mil Std 199a 1
. R14 Resistor RNR _]¢-10f1.0 ].0260 - .0260 [Mil Std 199A N
' R15 Resistor RNR .40|1.0 {.0350 | - .bssos‘mll std 1992 |
" R16 Resistor RNR “l<.10]1.0 [.0260 | - .0260 [Mil Std 199a

R17 Resistor RNR “”<lioL1.o .0260 | - .0260 [Mil std 199a
‘R18 Resistor RNR *lééﬁjéié:;'°26° - .0260 | Mil std 199A
[R19 Resistor RNR .10 1.0 |.0260 | -  |.0260 |Mil Std 199A )
R20 Resistor RCR 1 .24 ;L.“Q_M _(R._Qi - i :__O‘_IOG Mil sStd 199A
R21 Resistor RNR -14 8.0 |.0272 | - 1.0272 |mid std 1992
.R22 Resistor RNR _<_<_.l_0 Jlo . 0260 | ~0¥60 [ Mil std 199A
R23 Resistor RWR <10 t.o |.0009 | - L0009 | Mil Std 199A
R24 Resistor RNR <.1o~{,0 .0260 - §20260 | Mil std 199A

R25 Resigtor RNR <.10]1.0 |.0260 - .0260 | Mil std 199a

R26 Resistor RCR .24]1.0 |.0106 - ..1.0106 | Mil std 199a

R27 Resistor RNR +14f1.0 1.0272 | - |.0272 | Mil std 199a

R28 Resistor R¥R | .10]1.0 |.0260 | -  |.0260 | i} Std 199a

R29 Resistor RNR e10j1.0 J.0260 | - |.0260 | Mil std 199a

R30 Resistor RWR <.10 1.0 [.0009 | = .0009 | Mil Std 199A

" 0083 NP . ' . ’ )
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CEARIOTY OWIBION
SI00RDOEBEAN P53010108, N5
LITILE PALLS BEW J000EY

FOUR DIGIT DISPLAY
RELIABILITY ENGINEERING

RELIABILITY PIEDIBTION

@ 85 C

FAILURE RATE

—

PART NAME SOURCE
fLas/€a. |tLaB/TOT :( L“A:P/LTO:

A7 Board (Cont'd) T m;.u.i ; M N e
R31 Resistor RNR  -12f1.0 f.0260 | - __r_,.,gg*sﬁq_i,_rg_i,;___s_tg__su |
| R32 Resistor RCR .13]2.0 }.0008 } -  1.0008 | Mil Std 199A ...
R33 Resistor RCR .12f1.0 }.0008 | -  1.0008 | Mil Std 199A

R34 Resistor RNR <10fi.0 Joz60 | - ].0260 |mil std 199a |
Tl Transformer - 1.0 |.0666 =~ _..]-0666 _| RADC o ]
Ul Int. Circuit L - “;Lg_ﬁjgggg“_r,: . 1.0860_ | Kearfott . .
U2 Int. Circait e T fA0_1.0860 1 - 1.0860 jKRearfott _ ..___ |
VRl Diode zener d04.0 {.1273 | - }.1273 | Dickson _
VR2 biode zener .10 1.0 ].1273 | - +1273 | Dickson . ,_ . . |
VR3 Siode zener ~  K.1l0p.0 |.1273 - «1273 ]| Dickgon §
VR&ﬂPlOde zener . .30 1.0 |.2277 - .2277 | Dickson

VR5 Diode zener .30 1.0 |.2277 - ;2277 Dickson )
(A7a1 Circuit Board - p.0 J.0630 | - .0630 | 9th Symposium J
ATA2 Circuit Board |- p.o |.oe30 | - .0630 _| 9th Symposium ___ |
A7A3 Circuit Board 1= Reo foe3o | e .0630 | 9th Symposium

(A7A4 Circuit Board 1- .o |oeso | - .0630 |9th Symposium

B.0351
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